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PREFACE TO THE FIRST EDITION. 


So uiucli has been written on the subject of Malaria in the past 
few years that one feels it is necessary to make some apology 
for adding to the already very extensive literature on the 
subject. Gelli, in his very valuable book on Malaria, gives a 
good account of Malarial fevers in Italy. Manson, who has 
probably done more than any other man to stimulate enquirers 
to make investigations into the nature and causation of 
Malarial fevers, has given a very excellent account of these 
fevers in his book on Tropical Diseases. Ross, Christophers, 
bitephens and others have described the Malarial fevers of the 
West Coast of Africa, but no one has, as far as I am aware, 
given a complete account of the Malarial fevers of India. 

It is not claimed for what is written here that it is a com- 
plete account of the Malarial fevers of India. It is merely a 
record of a series of observations that have been made during 
the past 12 months. The observations were made in the 
Nagpnr Central Jail, where five high power microscopes have 
been in regular use for the greater part of the year. A number 
Pnrmese prisoners were trained to use the microscopes, and 
they very soon became expert in detecting and distinguishing 
the various kinds of parasites. Others were trained to take 
temperatures so that the record of parasites could easily be 
compared with the record of temperatures. One Burman, Ko 
Tha Aung, took an exceptionally keen interest in the subject, 
and carefully studied most of the literature that has appeared 
in Medical and non-Medical Journals on Malaria in recent 
years. Nga Weh Kyi, Nga Kyi, Nga Pe Gjd, Nga Hman, 
and Goverdhan have also given most valuable assistance. 

Should the observations which are here recorded be con- 
sidered by the Government of any value, 1 hope that something 
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aiay le done to lessen the term of imprisonment oi' the men 
whose names have been mentioned, for without their assistance, 
and if they had not taken the keenest interest in the work, it 
would not have been possible to make these investigations. 

I should like to express my thanks to Colonel Quayle, i.m.s.. 
and Dr. Agues Henderson for very kindly lending” us their 
excellent microscopes and for assisting in making the obser- 
rations. 

There are many parts of this small book which I should 
like to rewrite, but as the time at my disposal for such work 
at present is very limited, I think it is better to publish the 
observations as they were originally written, in the hope that 
they may be of some service to the many men who are now 
engaged in the great campaign against the Malarial parasites. 

A. BUCHANAN, Major, I. M ,S 

Octoler 1901. 



PREFACE TO THE SECOItD EDITION. 


The First Edition was a record of a year’s observation?' 
as well as a comparison of observations which had been made 
in Nagpnr with the observations which had been made in other 
parts of the world. By onr subsequent work a good deal of 
new light has been thrown on questions that were raised and 
discussed in the First Edition. In preparing a Second Edition 
I had some difficulty in deciding whether the First Edition 
should be allowed to stand as it was, and tlie more recent 
investigations be recorded separately, or whether it would be 
better to put the old and new matter all together as the results 
of the investigations of 18 months. An intermediate course 
has been followed. The original chapters have been allowed 
to stand very much as they were before, but in a few places 
some alterations and additions have been made, while several 
new chapters have been added, in which the results of further 
observations have been given. 

In the First Edition the record of experiments on the in- 
oculation of Malaria by bites of infected mosquitoes showed 
that most of the experiments resulted in failure. The explana- 
tion now appears very simple — it was merely a matter of tem- 
perature — but by leaving these records in the new Edition and 
adding the subsequent experiments in the extra chapters, it is 
hoped that the part played by the mosquito in carrying malaria 
will be brought more prominently forward, and it will be seen 
that there was no sudden jumping to the conclusion that 
mosquitoes carried malaria, and that they had a fair trial before 
they were pronounced guilty. 

Since the First Edition was written, the Malaria Conference, 
which was attended by the Royal Society’s Commissioners and 
by delegates from all the Indian Provinces, met at Nagpur, 
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and we have had the areat advantage of discussing with them 
a number of questions relating to Malaria. The Eoyal Society’s 
Commissioners, Dr. Christophers and Stephens, as well as 
Captain James, i.M.s., who is attached to the Commission, 
have been working for several weeks in Nagpur and, if I fail 
to acknowledge the valuable assistance given by them, my 
apology must be that the valuable hints which I received from 
them are too numerous to be mentioned in detail. 

Several Civil Surgeons. Assistant-Surgeons and Hospital 
Assistants have recently attended our laboratory in order to 
go through a course of instruction in Malaria, and as some of 
them had not been already familiar with the details regarding 
the making of films, staining, and working with an oil im- 
mersion lens, some hints to beginners were prepared. These 
htive been included in the new chapters, in the hope that they 
may he useful to some who have not done much microscopic 
work. 


Khandwa, Niimar, I 
September, 1902. i 


A. BUl^HANAN. 



CONTENTS. 


PART I. 

Chapter I. — Forms of Parasites ... ... 1 

„ II. — Classification of Parasites ... ... ;"> 

III. — Quartan Fever ... ... ... <) 

„ IV. — Charts of Quartan ... ... ... 15 

,, V. — Benign Tertian Parasites ... 21 

,, VI, — „ „ Fever ... ... 28 

,, VIL — Malignant Tertian Parasites ... ... 84 

,, VIII. — The Flagellar Fever in Malignant 

Tertian ... ... ... 40 

,, IX. — Malignant Tertian Charts ... ... 51 

,, X. — An attempt to reconcile the various 

views regarding Malignant Tertian 
Fever ... ... .1. 50 

,, XI. — Malaria in Sparrows .. ... 05 

, XII. — The Anti-Plasmodists ... ... 77 

,, XIII. — Quotidian ... ... ... 80 

„ — Mosquitoes and Malaria ... ... 90 

„ — Seasonal prevalence of Malarial Fevers... 102 

„ XVI. — Treatment and Prophylaxis .. ... 105 

PART II. 

Introduction ... ... ... ... ... 115 

Chaptp^r 1. — Hints to beginners wdien searching for 

Malaria Parasites .. ... ... 119 

,, II. — Films of Blood for examination ... 128 

,, III. — The Romanowsky Staih ... ... 128 

„ IV. — Blood Plates and Blood Dust .. 13] 



CONTENTS. 


viii 

Page. 

Chapter V. — Phagocytosis in Malaria ... ... 136 

,, VI. — Experimental Inoculation of Malaria ... 138 
,, Vll. — The Conversion of a sceptic ... . 145 

„ VIIL — (collecting and Feeding Mosquitoes ... 149 
„ IX. — Dissections ot Mosquitoes ... ... 151 

„ X. — The Eggs of Anopheles ... ... 159 

„ XL— Anopheles Larvse. Some notes on their 

Microscopic Characters ... ... 162 

„ XII. — Miscellaneous Notes on Larva? and 

Nyinphfe ... ... ... 173 

XIII. — Mosquito Anatomy ... ... ... 180 

„ XIV. — CWsifieation of Anopheles ... ... 183 

XV. — Experiments with Methylene Blue ... 186 
,, XVI. — Further observations in the Malignant 

Tertian Fevers ... ... ... 191 

XVII.— The Sex of (h-escents ... . 196 

5 , XVIII. — Observations in Nimar ... ... 199 

Appendix 1. — Black Water Fevei ... ... 203 

,, II. — Malaria in (Jypru'< , ... 205 

Index ... ... ... ... ... 207 

Name Index ... ... ... ... ... 215 



LIST OF ILLUSTRATIONS- 


PART I. 



OoLouHBD Plates. 


Pagi 

Flatk J. 

, —Series of Malaria Parasites 

faciii 


11. 

— Qua! tan Parasites, unstained 

do. 

10 

„ III. 

— Ditto ditto stained 

do. 

11 

„ IV. 

— Benign Tertian Parasites, unstained 

do. 

u 

V. 

— Ditto ditto stained 

do. 

25 

„ VI. 

— Malignant Tertian Parasites, unstained 

do. 

34 

t— ( 

— Ditto ditto stained 

do. 

35 

., VIII. 

—Malaria Parasites in Sparrows 

do. 

65 

.. IX. 

— Vacuoles, Crenated, Corpuscles and 




Leucocytes 

do. 

119 

X.- 

—Quartan and Benign Tertian Parasites 




stained with Roman ow sky 

do. 

128 

XI.- 

— Malignant Tertian Parasites stained 




with Romano vvsky 

do. 

129 

XII- 

—Sporozoites stained with Romanowsky 

do. 

153 


PART IL 

Fig. 1 — Diagram of puncturing needle . ... 124 

,, 2. — Ditto showing mode of taking dry specimen 125 

,, 2a. — Ditto of Barbirostris larva ... ... 163 

,, 3. — Ditto of frontal hairs, simple (of Culicifacies, 

Li^toni, Rossii, Stephens! and Turkhudi) ... 165 
,, 4. — Ditto of frontal hair branched of Jamesii ... 165 

,, 5. — Ditto ditto of Fuliginosus .. 165 

,, C. — Ditto ditto cockaded of Bar- 

birostris 


... 165 



X 


LIST OF ILLUSTRATIONS. 


Page. 

Fig. 7. — Diagram of comb or anfcennse ... ... 166 

,, 8. — Ditto ditto with braucli hair... 166 

„ 9. — Ditto of papilla or thorax hair ... 166 

,, 10. — Ditto of throax of Oulicifacies ... 167 

11. — Ditto of ditto of Rossii ... ... 167 

12. — Ditto showing palmate hairs on segments 168 

,, 1^ to 21. — Diagrammatic representation of series of 

palmate hairs ... 16 '-170 

2*2, - Diagramatic representation of breathing tube 178 
,, 23. — Ditto ditto wing of mosquito 180 

24 — Ditto ditto of fully developed 

mosquito ... 181 

Pl\TE I.-— Half-toned Photo pictures of Mosquito Eggs 

and Larvse ... 160 


II.- 

Ditto 

ditto 

showing heads of 
larvae and series 




of palmate hairs 
and filaria ... 172 

IlL- 

Ditto 

ditto 

of mosquito heads 
enlarged ... 184 

IV.- 

Ditto 

(litoO 

mosquitoes about 


natural size in 
living cells ... 184 



Malarial Parasites 

AND 

FEVERS IN INDIA. 


CHAPTER L 

FORMS OP PARASITES. 

In this chapter a short description of the various 
kinds of parasites that are seen in the blood of 
malarial cases and a short explanation of the terms 
that are employed will be given. There is only one 
really good way to learn what the parasites are like, 
and that is, to see the parasites themselves. If a 
whole book were written giving a description of a 
cow, and another book were written giving a descrip- 
tion of a buffalo, and a person after having thoroughly 
studied these two books were for the first time to see 
a cow, and a buffalo, he would perhaps have some 
difficulty in deciding which is the cow and which is 
the buffalo. If he saw the animals themselves and 
if the differences were pointed out he would have no 
difficulty afterwards in distinguishing the cow from 
the buffalo. In the same way, no amomit of book 
study can convey such a knowledge of the parasites 
as might be gained from a few hours’ demonstration 

B, MP • 1 
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MALAEIAL PAKASITES. 


of the real parasites. Some assistance may, however, 
be given by illustrations, but even the best illustra- 
tions must be very diiferent from the real parasite, 
especially as a great characteristic of many of the 
forms of parasite is their movement and the illustra- 
tion cannot convey any accurate idea of this move- 
ment. 

When reading the following paragraphs which 
will be marked A., B., C., &e., please refer to the cor- 
responding letters in Plate I. 

(A.) The young unpigme7ited parasite . — When 
the young parasites first enter the red blood corpuscles 
they are without pigment. They occupy a small 
portion of the red blood corpuscle, and they may be 
moving or quiescent. If they are moving it is easy 
to recognise them. The movement is what is called 
amceboid, i.e., the movement is merely a change of 
shape, not a change of position. The following illus- 
trations will give an idea of the various shapes that 
a parasite may assume within a few minutes. The 
parasite is represented inside a red blood corpuscle, 
and it should be explained that for facility in illustra- 
tion the size of the parasite and red blood corpuscle 
have been made lai'ger than they are usually seen 
under a high power miscroscope. 

(B.) The young pigmented parasite . — In a few 
hours pigment appears inside the youilg parasite. 
The size and rapidity of movement of the pigment 
varies aecoi'ding to the kind of parasite. In one kind 
it is coarse and its movement is slow. In another 
kind it is fine and moves quickly. In another kind it 
is small in amount, but these differences will be ex- 
plained fully later on. 
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(C. ) As the pai-asities grow larger the amount 
of pigment increases. Some parasites fill the whole 
red blood corpuscle. 

(D.) Some, while seen in the peripheral blood, 
■only invade cx small part of it. 

(E.) Rosettes . — When the parasite has attained 
a certain stage, it becomes divided into segments, and 
assumes the form to which the name Rosette or a 
Daisy form has been applied. 

(F.) Then the segments are still further sepa- 
rated, and each segment forms a spore, or young 
parasite. The breaking up of the Rosettes corresponds 
in time with a fresh onset of fever, and if the blood is 
examined when the patient is shivering, Rosettes may 
be seen. But the Rosettes are rarely seen in Malig- 
nant Tertian, while they can be very easily seen in 
Quartan. The growth of the Rosette can be watched 
under the microscope. 

The pigment is at first scattered all through the 
parasite or chiefly at the circumference. The pigment 
begins to collect into the centre, and the division into 
segments becomes apparent. In each segment a 
nucleus is perhaps seen. 

The segments are still further separated, and each 
segment forms a spore. 

The Rosette breaks up and the spores separate. 

(G.) Crescents . — The next illustration gives a 
very fair idea of the appearance of a crescent or, as it 
is sometimes called, the crescent body. It is very 
easily recognised. It is not found in the two kinds of 
fever which belong to the Benign group, but is found 
in the Malignant Tertian. The name Crescent is not 
altogether a satisfactory one, for the crescent body is 
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not always of a crescentic shape. It is soinetim 
spindle-shajDed, sometimes round, sometimes oval, b 
most frequently it is of a ei-esceiit shape. 

On tlie concave side of the crescents wo som 
times see a fine line enclosing what we may, for wai 
of a better name, call the “ belly.” The belly part 
the remains of the red blood cor[)uscle. It is perfee 
ly clear, and only tlie very fine line which marks tl 
boundary of it can be seen in unstained specimen 
In stained specimens, however, tlie belly part 
coloured red with eosine, showing that it is paid of tb 
original red blood corpuscle. 

(H.) Flaf/cUa and the Flagella, r bodie.^. — Th. 
parasites have two niethofls of reproduction, one th 
asexual, and the other the sexual method. The form 
ation of and the breaking u}) of the Rosette is th 
asexual method of repro<luction. The flagella tab 
part in the sexual method of rupi'oduction. In th 
M.alignant forms tint flagella eorno fr(»ni the crescents 
In the Benign forms the flagella come from what lool 
like the ordinary full grown parasites. Flagella ar( 
seldom seen in the Benign fevers ; fhey are froquentlj 
seen in the Malignant fevers. 

The forms of ])a,rasit<.! will be described niori 
fully in subsequent eluiptors. What has been writter 
here is intended to give, to anyone wh<t has not seen 
the parasites a rough idea ol’ tins nature of the para- 
sites and of the names which arc apjilied to the 
various forms of parasites. 



CHAPTER II. 

CLASSIFICATION OF PARASITES. 

Manson describes five forms of malarial parasites, 
viz., Quartan, Benign Tertian, Malignant Tertian, 
Unpig'inented Quotidian, and Pigmented Quotidian. 
Celli also describes the same forms. Koch, in a lecture 
delivered on the loth November last at Berlin, says, 
“ it was also ascertained that the apparently different 
Italian forms of malaria are really one, and that, apart 
from Quartan and Tertian, which occur among ourselves, 
there, really, is only one form of malaria, namely, 
Hropical malaria.’ ” In the same lecture Koch also 
states : “ Germany has two kinds of malaria, Italy 
three, and a fourth kind, tropical malaria, is found in 
the tropics.” Koch in this lecture does not say what 
are the three kinds that are found in Italy, nor what 
is the nature of the malaria which he calls tropical. 

During the past two months, that is, from the 
middle of December till the middle of February, we 
have seen three distinct kinds of parasites and three 
distinct kinds of fever corresponding to these three 
parasites. Parasites were not found in every case, 
but they were found in neax’ly all of those who had 
high temperatures. It is very remarkable that the 
kinds of malaria found here tally almost exactly with 
those found in Italy. We have not, however, found 
any eases of what has been called the Unpigmented 
Quotidian. We thought we had seen two cases of 
Pigmented Quotidian, but on further careful examin- 
ation we begin to doubt the existence of a Quotidian 
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parasite. The following are the varieties which have 
been met with here : — 

Quartan ... . 9 

Benign Tertian ... 11 

Malignant Tertian ... 46 

By the microscope it is sometimes extremely easy 
to distinguish the various forms of jiarasite, but in 
cases where there are only a few parasites to be seen 
there may be some difficulty. The best way to learn 
the distinguishing characters is to consider — 

l.s'i. — What points are common to all. 

'Ind. — In what respects do th e Benign group 
resemble each other, and differ from 
the Malignant tertian, and 
Zrd . — What are the differences between the two 
parasites of the Benign group. 

The points that are common to all kinds are : — 

(1) All are amoeboid and grow inside the red 

blood corpuscles. 

(2) All eat up the red blood corpuscles destroying 

their colouring matter. 

(3) All form black pigment. 

(4) All are colourless (excepting the pigment). 

(5) All stain with inetliylene blue. 

(G) All have a definite jieriod of growth : Quartans 
72 hours, and Tertians 48 hours. 

(7) All have two methods of reproduction — one 

the asexual and the other the sexual. 

( 8) All form “ rosettes.” 

(9) All give out “ flagella.” 

The Benign Tertian and Quartan have many 
points in common, and they have several common 
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points of difierence from the Malignant Tex’tian. The 
two former, called mild malaria (Benign) by Celli, 
differ from the latter, which is called severe malaria 
(Malignant) the same writer. 


Quartan and Benign Tertian. 
Invade whole red blood cor- 
puscles. 

Seen in peripheral blood through- 
out whole cycle. 


Do not form crescents. 

Rosette forms seen frequently. 


Malignant Tertian. 

Invade only one-fourth of red 
blood corpuscle, while they are 
seen in the peripheral blood. 

The young forms are seen in the 
peripheral blood, and then they 
disappear from it for some days 
until thej'^ have become trans- 
formed into crescents. 

Form crescents. 

Seldom. 


Thus there are four main points in which the 
Quartan and Benign Tertian resemble each other, and 
in which these two differ from the Malignant parasites. 
The two former invade the whole red blood corpuscle, 
and for this reason it is very easy to find them. The 
latter invade only about one-fourth of the red blood 
corpuscle, while they are seen in the peripheral blood, 
and then they retire or conceal themselves (in the 
spleen or in the marrow of the bones, but this we have 
not investigated here) until they have become converted 
into crescents. This temporary retirement of the 
parasites from active life in the peripheral blood is a 
very remarkable phenomenon. It would seem almost 
as if there were a barrier through w’-hieh each corpuscle 
has to pass, and that admission to those carrying the 
crescent-forming parasites is strictly forbidden. If the 
red blood corpuscles, which carry these parasites, were 
enlarged, then we might be able to explain this curious 
phenomenon, but they are not larger, and there is no 
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such prohibition exercised in the case of the big swollen 
red blood corpuscles, in which the Benign Tertian 
parasites have located themselves. 

The two former differ from the M. Tertian also as 
reo-ards their rosette forms, which are seen often in the 
case of the former and seldom in the ease of the latter. 

It is a curious thing that some of the parasites in 
the two latter kinds are converted into crescents and 
some are converted into rosettes the former a step 
in the sexual method of reproduction, the latter a 
step in the sexual method of reproduction. What 
determines the form into which any particular parasite 
will develop we cannot say, nor have we seen any 
explanation offered. 

The two members of the Benign group differ 
from each other in the following points : — 


Quartan. 

The invaded red blood corpuscle 
not enlarged. 

The part of red blood corpuscle, 
which has not been eaten, still 
retains the ordinary colour of 
the red blood corpuscle. 

The pigment is in large granules. 

The pigment moves slowly. 

The rosette has 8 to 10 parts. 


Benign Tertian. 
Invaded red blood corpuscle 
enlarged. 

The red blood corpuscle loses its 
colour and becomes clear. 

The pigment is in rods. 

The pigment moves rapidly. 

The rosette has about 20 parts. 


It should be explained that the above differential 
points do not always hold good ; for instance, the 
pigment in a Quartan may be moving very actively 
when flagella are about to be thrown out, or the 
pigment of a Benign Tertian may not appear to be in 
rods when the parasite is young. There are many 
other minor points of difference, but these will be 
referred to later. 



CHAPTER III. 

QUARTAN PBVBB. 

In the Introductory Lecture, which Crombie gave 
at the Indian Medical Congress in Calcutta, in 1894, 
he said that Quartan fever was very rare and that 
“ I had only to treat one case of Quartan in the whole 
of my 22 years’ service in India,” We were also of 
opinion that Quartan fever was very rare, and although 
we had been watching specially for Quartan eases for 
some years it was very rare to find any. During the 
past two months, while the observations, which are 
here recorded, were being made, we have had nine 
cases of Quartan fever in hospital, and the question 
arises how is it that we have seen so many cases of 
quartan in this short space of time, and that for years 
before we had not been able to discover a case ? 

The reasons are probably these. In the first 
place Quartan yields to quinine very readily, and a 
patient suflfering from Quartan may have been detained 
for a day in hospital, and if treated with quinine his 
fever would probably stop. Or we may have been 
misled by the appearance of the charts, for if tempera- 
tures are taken only twice daily, the attack may not 
have come on at the time the temperature was taken. 
We have recently taken the temperatures every two 
hours, night and day, and oftener during the time 
that the paroxysms were occurring, and the charts 
have been prepared from the two-hour records. For 
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instance, it has frequently happened that a Quartan 
paroxysm has come on at 8 o’clock at night and the 
temperature may have been normal at 5 o’clock in 
the afternoon, so that a chart prepared from the 5 
o’clock record would be quite misleading. 

Further, in Quartan fevers it sometimes happens 
that there is a rise of temperature every day, and in 
such cases the chart made from a twice-a-day record 
may not show the least indication of a Quartan 
fever. 

Besides, it is only recentlj^ that we have made a 
systematic examination of the blood of every case 
admitted for fever, and as we have several men working 
daily and throughout the whole day it is almost im- 
possible for Quartan parasi^ to pass undetected. 

Then, again, we have lad some cases of Quartan, 
combined with other .k^fids of fever, as Malignant 
Tertian, and in these cases the Quartan appearance of 
fever is not seen, at least in the early days of the 
patient’s residence in hospital. Quartan fever may 
therefore be more common than we have hitherto been 
inclined to believe. 

Parasites . — In the tables given at pages 7' and 8 
we have already given the points in which the Quartans 
resemble the Benign Tertians and the points of differ- 
ence between these two parasites. The illustrations 
give a very fair idea of the appearance ,of Quartan 
parasites. There are two sets of illustrations — one 
showing the unstained parasites, the other showing the 
parasites stained with methylene blue and the cor- 
puscles with eosine. 

Unstained Quartans . — The parasite is very 
easily seen. It seems to be an irregular clear space 



QUARTAN PARASITES. 
l^LATK II. 

A. 'I’he youniji Qn.ii'tan looks like .i clear -ji.ice lU'.ule tli 
that thi> apjiaieut space contains near ii- iiiari»iii ]n^inent in « 
the earlier sta'^e the Quartan has a, Uinp; fornu 

B. On the second day tin* Quartan oi'ciipie^ Iroiii half tt 
corpuscle. 'Che invaded corpu.scle is not enlar'j;ed , it 'j:u cs on 
blij^htly eontiMctofl. 

< '. Jn the morning of the day of level the jiaiasite ocmi 
piisele. Later in the ilay the jaginenf, can he seen in streaks coi 
of the jiarasite. Later, all the picrment is collected in the cenl.n 
or remains of the red blood eorpnsele is not represented in Ihe 
in figure ( '. As shivering hogin.s, the hrokeii-uj) parasites can Ir 
on the left. 

1). 'The Haaellatc forms ;ire only rarely seen in Q>uartan. 



QUARTAN PARASITES. 
PLATE II. 



QUARTAN PARASITES STAINED WITH BO SINE 
AND MBTHTLBNB BLUB. 

PLATE III. 


These Pictures show 
Quartan stained with 
eosine and methylene 
blue. The earliest stage, 
while the pamsite is still 
in the ring form, is not 
represented. 

The chromatin is not 
shewn by this method of 
staining. It will be 
shewn when we are 
dealing with the Roman- 
owsky stain. 
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ately, but to cases of malarial fevers which owe their 
origin to different parasites. The only scientific 
method is first to be certain that the cause of the fever 
is malaria, and second to make certain what particular 
form of malaria parasite we are dealing with, then give 
the medicine and watch its efifeet, not only on the 
temperature but also on the parasite. 

Working on these lines, there is only one conclu- 
sion that can be arrived at from an examination of the 
cases that will be given here, and that is that quinine 
has a marvellous eflPect on the Quartan parasites. One 
dose of 20 grains stopped the paroxysms in every case, 
and the parasites ceased to grow. A few were seen 
on the first day after the quinine was given, and 
on the following day they had disappeared. One 
dose of quinine is not, however, sufficient to kill them 
completely, although it stops the paroxysms of fever 
for some days, for the fever may return and the 
parasites may, after a week or two be, again found in 
the blood. 

In the same address, Crombie refers to the wide- 
spread belief : — • 

“ Among medical men as well as among the laity, that 
quinine cannot be .safely or efficiently administered, 
except during the period of apyrexia, or at least in 
remittent fever its administration must be delayed till 
a remission has occurred such as to bring the temper- 
ature down to some point below 100° P. All the best 
authorities advocate a very opposite plan of treatment, 
and I am glad to have this public opportunity of re- 
cording an emphatic dissent from the popular belief and 
practice. Careful observations have shown that quinine 
is most efficient against the malarial organism in the 
early period of its growth, while it is still unpigmented 
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or only collecting pigment at its periphery, i.e., in 
Quotidian* ague during the pyrexia and the crisis.’’ 

“ When the amoeba ceases to grow and begins to prepare 
for segmentation and sporulation, that is just before 
the rigor and new accession of fever, quinine has little 
or no effect on it.” 

We have given quinine in these when the spores, 
i.e., young parasites were entering the red blood 
corpuscles, when they were one day old, when they 
were two days’ old, and when the parasites were full 
grown just ready for sporulation. The effect in all 
was the same. The parasites were killed and they 
disappeared entirely, or almost entirely, from the 
blood. 

In our books on Materia Mediea we find quinine 
classed among the medicines that are called “ anti- 
periodies.” This term was used before the nature of 
the action of quinine on the malarial parasite was 
understood. The quinine seems to act as a direct 
poison to the malarial parasites, and as our knowledge 
advances we may hope to see the old term “antiperiodic” 
fall into disuse, and another term, which more clearly 
indicates the nature of the action of such medicines, 
introduced in its stead. 

Natives use a root called “ atthis” in malarial 
fevers, and we are trying it in some Quartan cases, but 
its effect is not as good as quinine. 

* Note — Crombie had not apparently noticed that there are two 
kinds of Tertian, and the Quotidian referred to may probably include 
one form of Tertian, viz , the Malignant Tertian. In his lecture only three 
kinds of fever are mentioned, — the Quartan, Tertian and Quotidian. 



CHAPTER IV. 


CHARTS OF QUARTAN. 

In the first edition of thi.s book seven charts were 
reproduced, but here, instead of reproducing the charts 
in full, an ab.stract of each chart will be given in the 
following metliod. Thi.s will, perhaps, be confusing 
at first, but after a little experience it will probably 
indicate more clearly the effect of the medicines. 

The degree of fever is indicated by figures show- 
ing the number of degrees (Fahrenheit) above normal. 
tW a temperature of 103-4 will be indicated by the 
figure 5, that is, 5 degrees above normal. Decimals 
are omitted and the nearest whole numbers are given. 
Only the highest daily temperatures are given. 

The first two charts illustrate what may be called 
“severe” quartan, or cases of quartan in which 
there is fever every day. The quartan charts have 
been divided into three-day periods, and it will be 
seen that on the first day of each period the tem- 
perature is high, on the second day it is above nor- 
mal but not as high as on the first day, and on the 
third day it is below or nefir the normal line. 

The next group might be called “clear ’’ quartans, 
i.e., with fever on one day and ]io fever on the two 
following days. 

The next group .shows quartan combined with 
other malarial fevers. 
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There are two other interesting charts which 
show quartans combined with other diseases, one 
combined with enteric fever and the other quartan 
combined with pneumonia, but these two charts will 
not be given. 

Case I — Sitaram. This chart show’s the hiarh 

O 

temperature on the first day, a lower temperature on 
the second, and a nearly normal temperature on the 
third. This chart has been made out from the record 
of temperatures which have been taken every two 
hours. This ease illustrates the tendency for quartan 
paroxysms to recur if the ease is not treated wdth 

ABSTRACT OF QUARTAN CHART— Case I-SITARAM. 


Dec. Jany. 



quinine. It also illustrates the good effect of quinine. 
In this case three doses of xx grains each were given 
on three successive days and the parasites disappeared 
and have not returned. Rosettes w^ere found in large 
numbers, and it was noticed that the best time to 
get large numbers of them was just at the time of 
the onset of the fever while be w’as still shivering. 

No flagella were found in this case, although 
several specimens of the blood were examined daily. 

The weight in this case went down about 10 
pounds, and in another quartan ease of the severe 
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type the weight went clown 12 pounds in a fortnigdit. 
In the gi'oup of what we have called the deal 
Quartans, that is those with regular paroxysms every 
third day and with no fever on the intervening days, 
it will he seen that the weight sometimes actually 
increases during the time that the jiaroxysms are 
occurring. 

Case II— Domia. Had five turns of fever before 
he came to ho.spital, and he liad fi\m turns \A'hilG in 
hospital. The chart shows the high, lower, and low 
temperatures on the first three days. The fever 
stopped without c|uinine in this case, and this i.s 
unusual in Quartans. 

Case II-DOMIA. 


Date. Jany. 

14 15 16 

17 18 19 

20 21 22 

23 24 25 

"1 

20 27 28 1 

2!) 

Degrees of fever 

5 3 0 

5 0 0 

5 0 0 

2 0 0 

2 0 0 

0 

Quinine 



^hL 




Weight 

... 

113 


... 

112 



The following is an extract from the daily notes : — 

IQth . — The two-day old parasites are seen filling two-tiurds 
of corpuscle. 

17 th . — Fever is expected to-day : at 1 p.m. he feels cold ; 
four very perfect Rosettes seen, they are circular in 
form and the pigment is in the centre. One parasite 
has advanced to a further stage and has lost its circular 
form. The spores are lying irregularly around tin* 
pigment which is not quite central. Another parasites 
is not yet full-grown, and there is a little bit of llu* 
corpuscle wdiich has not yet been consumed. 

2 p.M. — Shivering severely : temperature 100-4, a good Rosette 
seen, the nuclei of the spores clearly seen, but the spore 
circles not yet completed. 

B, MP 
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4 p.M. — Temperature 103 ; several broken Rosettes seen in 
one field ; as many as three seen. 

4-15 P. M. — A young form seen in a corpuscle and there is 
a minute speck of pigment in it, so it would seem that 
the young forms invade the corpuscles before the 
sweating stage has begun. 

On the 23rd, one of the days for fever, a Rosette 
was found in blood drawn before the shivering, but no 
Rosettes were found in the blood drawn at the time of 
shivering. Some hundreds of specimens of blood from 
Quartan cases have been examined at the time when 
the shivering begins, and on only this one occasion did 
we fail to find Rosettes. 

Case III . — Three chai'ts are given to show cases 
of “ clear ” Quartan. 1st — Samhho. In this case after 
five paroxysms of fever there was no loss of weight. 
Quinine (grains xx) was given on the daj^ after a 
paroxysm, that is, when the young parasites were one 
day old. The parasites soon disappeared, and the 
paroxysms stopped for a time, but they began to come 
on regularly again a month later. Some one who was 
visiting the Laboratory said perhaps arsenic has a 
good efiect in some cases and has not such a good 
effect in others, and that quinine maj^ have a better 
effect in some eases than in other, s. It was decided 
that the efi:ects of arsenic should be tried in tliis ease. 

(There was practically no rise of temperature on the interven- 
ing days, so the temperatures on these days will not be put down. 
Further, only the highest daily temperatures will be entered.) 

Feby. Mar April 

Date. 21 21 27 2 5 8 11 U 17 2i) 23 2(> 29 1 ^ 

Degrees 54443436604456 % 

of fever. ^ 


J I ^ 


Liq. arsenicalis m. v, 
thrice daily. 


Liq arsenicalis 
^ drachm daily. 
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Case III-SAMBHOO. 




■ — ^ - 








Decrees of fever .. 

7 0 0 

7 10 

5 0 0 

6 0 0 

50 0 

jo 0 0 

0 0 0 

40 5 

Quinine 

Weight 

... 

95 


! 

XX 

95 

i 


96 



This case illustrates the remarkable persistence 
of Quartan. The paroxysms kept on steadily reeur- 
riiio- for 40 clays. Arsenic was given, and the dose was 
increased until half a drachm was being’ taken daily. 
The temperatures were on the whole higher while 
the large* closes of arsenic xvere being given, and the 
parasites were found regularly. 

Quinine (grains xx) was given on the 2nd of 
April, and on the 4th April no parasite, s tvere found 
and the paroxysms .stopped. 

Case IV . — Sheik Karim’s chart shows six turns of 
clear Quartan. Quinine ( grams xx ) was given when 
the parasites were two days old and next day ( 80-1-01 ) 
the following note was made 

‘•The blood was examined this morning; and Ko Tha Aung 
reported that one parasite was seen hut the pigment was 
not moving. I saw one ])arasite in this spcfunien and 
confirmed the observation. At 2 P.^r. the blood \Aas 
examined again. After a long search I found onlj’' ono 
parasite : it did not fill tlie corpuscle and the pigment 
was not moving JSTow at 2 p.m. we can confidently 
say that his fever will not come to-day. 

31-1-01. — No fever came last night, and after a prolonged 
search no parasites could be found. ’ 

Siihsequent note . — Trom tire 27th January till the 4th IVlarch u > 
fever came. Then parox 3 rsms began to come regularly. After six 
paroxysms in which the temperature went np to 103° or 104'" twenty 
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gi'ains of quinine was given. Two native gentlemen happened to 
visit the Laboratory on the 20th of March, and in the course of 
conversation they said that Quartan fever is very persistent and 
that it does not yield to quinine. Me oftered to give them a 
hundred rupees if the paroxysms wei'o not stopped b}’' the one dose 
of quinine in this case. The quinine was given on the 20th : on 
the 21st, two parasites were found, but the pigment was not moving : 
on the 2'2nd, which in the ordinary course would have been the day 
of fever, no para.sites were found, and we were able to say with 
certainty that the fever would not come on that evening. Twenty 
days have elapsed and the fever has not returned. Probably a 
small dose of quinine would not have had the same effect in stop- 
ping the fever, and this may explain why the native gentlemen, 
were of opinion that Quartan fever is not stopped by quinine. 

It may be n.jted that in this case and in the preceding case 
the fever returned about a month after one dose of quinine was 
given. 

case IV-SllEIK KARIM. 


Degrees of fever .. 

3 0 0 

6 0 0 

6 0 0 

7 0 0 

6 0 0 

5 0 0 

0 0 0 

■Quinine 





... 

XX 

... 

Weight 



123 


... 

119 



Case V. — Ghasia had been getting Quartan fever 
for nearly a month before he I'eported sick. On the 
morning of the 14th, the day after he came to 
hospital, the following note was made : — 

“ I see nearly full-grown parasites. Why should we find 
full-grown parasites now ? Yesterday he says was his 
day for fever. Stained specimen very good — full of 
parasites, nearly all full-grown. ” 


His fever came on that same evening at 8 o’clock, 
so that his statement that the 13th was his day for 
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fever was wrong. True, he had had some fever, but 
it was slight as compared with the high fever on the 
regular day. This illustrates how the size of the 
parasite indicates its age. 


AltSTUAL'T OF QUAliTAN CHAUT-C'a.sk V-GHASIA. 


OcjjrceH of 6 0 0 
fever. ' 

6 0 0| 

i 1 1 

500,40 0 500 400 

1 j 1 

4 0 0 

1 1 
1 

4 0 0 3 1 01 

1 

1 

5 0 1 

i 

1 

Liip arseni- ... i 

calls unniins. ' 




! ! 

... i‘ V tlirice 
daily. 

1 ! 


In tins case the ettect of arsenic was tried. 
Li(iuor arscnicalis in 5 minim doses was given thrice 
daily, beginning on the Gth February. On the 1 0th 
the' temperature was higlier than it had been for a 
fortni'dit. The remainder of the chart has not been 
printed, but it shows slight fever on the 13th, and no 
fever on the IGth. On the 14th the dose of liquor 
arscnicalis was doubled, and it might seem that the 
absence of fever on the IGth was due to the arsenic ; 
but on tlio 19th, 22nd and 25th Ave find the fever 
going Inglior and higher on each successive turn, so it 
may fairly be inlerred that the arsenic has not the 
slightest inHuenee on the Quartan parasite. 

The weight of the patient increased by about 7 
pounds wliilo tlio fever wus going on. ^ 

Qnartam comUned with other parasites.^\Ne 
now come to the group in which Quartan parasites 
are found together with other Malarial parasites. 
To illustrate this group two charts will be given. In 
both of these, Quartan parasites, as well as the para- 
sites of Malignant Tertian, were found. In both ot 
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these the temperature was irregular at first, and in 
both the parasites of the two kinds of fever were 
found a day or two after admission to hospital. In 
both the Malignant Tertian disappeared early, and 
as the Malignant Tertian parasites disappeared, the 
Quartan nature of the fever became more distinct. 
The paroxysms in the early time in both were mild, 
and later they become more severe. 

Qfise Vl.—Jangli. In this ease Quartan and 
Malignant Tertian parasites were found. The temper- 
ature at first had a Quotidian appearance— another 
proof that the chart for purposes of diagnosis is not 
reliable. 

This case also illustrates the persistence of 
Quartan fever. 

It also illustrates what has been ali'eady said 
about arsenic. Five minims of the li({iuu' arseniealis 
were given from the 17 th till the 27 th. The dose 
was doubled on and after the 27 th. Five paroxysms 
came after the arsenic wa.s begun, and the toinjoer- 
ature in the last but one paroxysm was higher than 
it had been for a month bei'ore. 

The weight increased a few pounds whilo the 
Quartan fever was going on. 

ABSTRACT OF 0HAKT-C\sn Vl~.IANlUJ. (iUAli'I'.VN AND 
MALKON’.INT 'I’ERTIAA'. 


Degrees of i 5 SiG 0 1 

40 c 

1 0 0^3 0 0 3 0 0 5 0 0 

4 0 0 

50 0 

5 0 0 

fevei . j I 









I 1 

Liq. arseii. i j 



. 


V il 

iriro 1 


Ihiulile 

1 

1 





«la il>’. 


dose 


CVe>,3 TIL—l'uncJin. Quartan and Malignant 
Tertian parasites were found in this case. Only a 
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few of the Tertian parasites were present. After 
seven Quartan paroxysms a native medicine called 
“ atthis” was tried, and experiments with it are being 
made at present. 

ABSTRACT OF CHART— Case VII— QUARTAN AND 
MALIGNANT TERTIAN. 


De^?reea oi fever 


203 332 

0 0 0 

i 

0 10 

210 

20 0 

10 0 


35 0 


In this case the weight went up over 5 pounds. 

Subsequent note. — Fiv^e paroxysms occurred after the atthis 
was begun. The amount of atthis given was 20 grains 
three times daily, and this dose was continued for about 
three weeks. 



CHAPTER V. 

BENIGN TERTIAN PARASITES. 

In the tabular statement which is given at page 
8 the differences between the Quartan and Benign Ter- 
tian parasites have been briefly explained. Tlie young 
forms of the Benign Tertian are very characteristic. 
Before they are pigmented they move more actively 
than the Quartans, but this difference in movement 
would not enable us to make a differential diagnosis 
between these two kindsof parasites. After the pigment 
has begun to form, the Quartan settles down and 
there is not much activity in the movement of the 
pigment. The Benign Tertian, however, still con- 
tinues its araceboid movements. It is, if the e.\])res- 
sion maybe used “all arms,” and the ends of thests 
arms are often slightly enlarged. The })ignient is 
collected in these terminal enlargements, and it would 
appear sometimes, at first sight, as if there were three 
or four small para.sites at work in different parts of tlui 
red blood corpuscle (A). 

If we watch them, however, for a few minutes, it 
will be seen that they are connected together, and 
these arms will be drawn in towards the main bod_y if 
such can be said to exist (A). This appearance is very 
cliaraeteristic, and it is quite enough to justify a 
diagnosis of Benign Tertian. The red blood corpuscle 
soon after it has been invaded becomes enlarged and 
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PLATE IV. 


In the eciHy sta^o there are young nnpigiueiited lings. The parasite is activeh 
onicehoid and >oon thrown out arms in different diseetion*. The pigment granules, 
or tine rods, aie more numerous in the enlarg-ed et^s of these arms. This appear- 

k ifc^ 

iince is ver\ < harattcristi{ of i^eiiign Tertian B). The invaded corpiisela*. 

beeome large and pale — more so than is sJajym ij7i*^se'' picture. 

The lugnient is in hue rods and it .ipjjcars to ho more scattered throiig)i fht 
parasite than in h>iiartan. 


The Rosette form represented in is rather tliagrammatic. The perteetl\ 
legul.ir I'osettr* which is st* often found in Quartan is not so often found in Benign 
Tertian. 

The gametes or sexual fonns are seen occasionally. It is not known if 
ppeaj!* at an\ ilehnite stiige of the att.nk as in Malignant Tertian. 



BBNIGN TEBTIAN FABASITES. 
PLATE IV. 



BENIGN TERTIAN PARASITES STAINED WITH 
BOSINB AND METHYLENE BLUB. 

PLATE V. 


The pictures repre- 
sent the parasites when 
stained with eosine and 
methylene blue sepa> 
rately, and consequently 
the chromatin is not 
seen. 

The rod shape of the 
pigment is more dis- 
tinctly seen than in the 
unstained specimen. 

This method of stain- 
ing is seldom followed 
now, as the Romanowsky 
stain has been substitu- 
ted. It will be describ- 
ed in Part II. 
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The rods are best seen in stained specimens. In some 
stained specimens we see the rods of pigment on the 
slide, but the body of the parasite has apparently 
disappeared. 



CHAPTER VI. 

BENIGN TERTIAN FEVER. 

There are two Malarial parasite.s which take 48 
huur.s to complete their asexual cycle of development. 
One is called the Benign Tertian and the other the 
Malio-nant Tertian. The latter is called Malignant 
because the paroxysms of fever may be “prolonged and 
approach each other so as to simulate a continued 
fever ” (Celli, page 4G). Some charts of both these 
kinds of fever will be given, and it will be seen that, 
although these two kinds of fever resemble each other 
in, as a rule, giving higher temperatures on alternate 
days, the charts otherwise show very marked differ- 
ences, The two most curious points about the 
Benign Tertian fever are — 

(1) the tendency for the paroxysms tO' 

recur, and 

(2) the tendency for the temperatui'e to run 

up high. 

The first chart shows about ten paroxysms, and the 
fever was then stopped by quinine. The second shows 
about thirteen paroxysms, and the fever w'as then 
stopped by quinine, as the patient got a Malignant 
Tertian infection in addition to the Benign. The third 
show’s six paroxysms, and then it presents some irregu- 
larity. The fourth case shows only four paroxysms. 
Now’ wdren we compare these w’ith the Malignant 
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Tertian charts it will he seen that the Malignant charts 
nearly always shows a downward tendency, a “slope 
downwards ” after the third <jr fourth day. 

The other point is that the fever frequently runs 
up very high in the d^enign Tertians : temperatures 
of 105 or lOG are not uncoinuion. (See the cdiarts of 
Thibroo, Narayan, and Sheik G-iilah.) 

We have said that these arc the two most curious 
points about the Benign Tertian fever, because it 
may seem extraordinai'y that the Tertian, which lias 
the higher temperatui'cs and in which the paroxysms 
are most likely to ho repeated, should he called 
“ Benign.” But there aj'e other points that have to 
be considered. Tire duration of a pm'oxysn) is much 
shorter in the Benign Tertian : there is a sevei'e 
shivering fit, a rapid rise of tomporaturc, and this is 
soon followed by free 2 rei‘spiration. On the iuterven- 
iug days it is rare, excejot in the first few days of tlie 
fever, to get a rise of temjreraturc, whereas in the 
Malignant Tertian the temperature is often high on 
successive days. Then if we look at the -w'eights 
we find that the weight rarely falls more tlian a 
pound or two in Benign cases, and in some the rvoiglrt 
has actually increased. 

In Quartan fever it is very rare to find the day 
of fever changing, that is, if it comes on the Gth, it 
will come on the 9th, 12th, &e. ; but in the Tertuuis 
we sometimes find a change of day. If the fijvor lias 
been coming on the 3rd, 5th, 7ih, it may then eoino 
on the even diiys — the Stli, 10th, &c. This cliango i.s 
seen in both the Tertians. It is interesting to note 
that in the Tertian fever of sparrows there is often ji 
change of day. 
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The clwts of four cases will be given — one chart 
each for the first three. The fourth case was a very 
long one, and as there were altogether four admissions 
to hospital — apparently as a result of one infection — 
two charts are given to illustrate this case. 

Case /, Blieih Gtilab . — This chart shows a fairly regular rise 
of temperature oq alcernate days. ISTote that the temperature was 
105*6 on the day of admission. The day of fever did not change. 
After the 10th paroxysm quinine was given and the fever stopped. 
The loss of weight was 3 lbs. 

Case //, Thihroo.—l:^otQ that the temperature on two 
successive days was over 106. Then for two days there was no 
fever, and the chart after this shows a regular Tertian appearance. 
On both days, when the temperature was high, many “ boilers,’' 
that is, parasites with the pigment moving rapidly were seen. 
There appears to be some irregularity in the fever on the first few 
days of Benign Tertians. The chart may show a Quotidian 
appearance, even though there is not a double infection. 

l^th December . — Many phagocytes seen : they seem rather 
dark in colour : three seen in one field. 

'21th December . — The large clear cell, which the parasite has 
invaded, is not crenated, althougli all the other red blood corpuscles 
ill the same field are crenated. His fever stopped without {|uinine. 

Towards the end there is an attempt at a change of day. 

Case III, Yeshwiinta . — He had four paroxysms of regular 
Tertian, an interval of 11 days without fever, and was discharged on 
the 15th February. He was again admitted on the 27th February 
with slight fever, and several flagella were seen. He had also 
Crescents, as well as Benign Tertian parasites, and both kinds of 
flagella were seen. 

March 1901. — Although many Benign Tertian parasites 
are found in the blood and also Crescents, he has not had fever for 
a few days. 



AliSTRAOT OF P.ENIGN TERTIAN CHART. 
Case I. — Shetk (Jiihih. 


benign TERTIAN FEVER 


31 
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Case IV, Narayan . — Two chai’ts are given to illustrate the 
teuiperature in this case, cind the second chart ^represents three 
separate admissions to hospital. 

admission . — After nine turns of fever the day changed, and 
the fever which was coining on the odd days of the month began 
to come on the even days. He then got a Malignant infection and 
Crescents uere found. Quinine was given. He was discharged 
from hospital on the 24th January and was again admitted on 
2nd February. 

2nd admission . — There was fever daily for four days, but the 
chart shows no appearance of Tertian, although man}^ Benign 
Tertian parasites were found. 

Zrd Fehrnary 1901. — In blood drawn to-clay (temperature 
105*6) we see an enormous number of young parasites. Tu one 
field I counted one young ring form, eleven pigmented parasites 
and one very nice Rosette in which the pigment is central and the 
nucleoli are seen distinctly. Outside there is a small rim of ground 
substance. 

iih February 1901. — This morning a parasite was seen giving 
out flagella, and we watched it for half an hour This is an 
umisualiy long time for flagella to continue moving. A phagocyte 
then came. The temperature was 102*6 when the blood was 
drawn. 

From the 6bh to the 18th there was no fever. On the r>th a 
lai ge number of parasites were counted. In one slide, which had 
been kept for a few hours, 40 Rosettes were seen. It seems curious 
that no fever should have followed, although so many Rosettes were 
found. 

^rd admission . — Here the chart shows a Tertian appearance 
though not a clear Tertian. The number of parasites seen was 
very remarkable : on the 22nd as many as 767 were counted in 
ten slides— twenty minutes being devoted to the examination of 
each slide. Fifteen flagella bodies were seen on the 23rd, and the 
question arises whether there is a Flagellar period in Benign 
Tertian as there is in Malignant Tertian cases. From the 26th 
February to the 12th March— an interval of 15 days— there was 

no fever excepting on one day and then fairly regular Tertian 
came on. 

ith admission.—Reve one flagella body was found, and the 
— ttiajonty of parasites seen were of the ordinary kind. 

B, MP 
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MALIGNANT TERTIAN PARASITES. 

This is also called tlie lestivo-autuiniial lever 
or smnmer-auturan fever. Before describing- the 
nature of the fever as illustrated by the charts, a short 
account of the ajopearanee of the parasites will be 
given. In this fever ve .see the para.site.s in four very 
distinct stages or condition.s, viz., the young’ form 
lunpigmented and pigmented), tlie Crescent liodies, 
the Flao-ella bodie,s. and th.e Rosettes. Tliese will he 
dealt with in succes.sion. 

Young For.ms. 

When uiipiginented the j’oung forms move inside 
the red blood corpu,scle.s very much in the same way 
asthe jmung forms of the other para.site.s, but this motion 
soon cea.ses, and they are seen in their very characteristic 
shape as “ Ring forms.” The Ring is colourless, and 
inside the ring is a disc which has the same colour as 
the red blood corpuscle (A). 

Pigment forms earl}’, and it will be seen in the ring 
part, hut note that it is ahvays small in amount, and 
usually there are not more than two or three granules 
of pigment (A). 

The invaded blood corpuscles .sometimes lose 
their shape and undergo a soi’t of crenation, forming 
what have been called by the Italians “Ottonati” 
Brassy bodies. One often sees only one erenated 
corpuscle in a field under the microscope, and that one 
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A. In the early stage the parasite isf fairly Vctivelj’ amceboid, and it may not 
be easy to distinguish it from the Quartan or Ecnign Tertian. After a few liotirs one 
or two granules of tine pigment will be seen. The parasite then has the somewhat 
ehaiacteristic King shape. Some of these g’row and form Ptosettos \ery lumh like 
the Quartan and Benign 'I’ertiaiij l>iit these arc not lepresented in the pietnre. 

B. Otheis, which aie destined to become the sexual forms, grow^ and become 
crescents. ^Hie colouring matter is removed from the corpuscle, and we the 
clear bell} }*ait : such crescents are immature ami wall not give out flagella. 

C. The belly pait is absorbed, and then \ve find the fiilly-torined crc'^cent. 
Note how- they often lie close to a corpuscle. 

D. The crescents become round, and the males give out flagella. 'The inunts of 
rnstinction between the males and females will he given in Part J 1. 
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corpuscle will have a Ring form inside of it. These 
Brassy bodies soon disappear from the peripheral blood 
and remain in some internal organ for some days. It is 
said that thej^ go to the spleen and to the bone marrow, 
but this point lias not been investigated here. When 
they next make their appearance in the blood they 
are in tlie form to which the name Crescent has been 
given. It should be explained that the Brass}" bodv 
stage is not often seen. 

o 

Crescents. 

Owing to the fact that the Ring forms disappear 
from the peripheral blood when tlie Crescents are about 
to be formed it is very seldom that we see the parasites 
in the transition stag’e. We liave watched for it care- 
fully but have only seen it on a few occasions. The 
King form lies at the side of the corpuscle ; it beponies 
elongated, and one side of it lies in close contact with 
part of the circumference of the corpuscle.,, 

For some days it apparently remains in the in- 
ternal organs, and when next seen it may be a Crescent 
with ‘‘ belly” (B) or a fully-formed Crescent ( C). 

The belly part is colourless and in unstained 
Specimens we see only a very faint boundary line. It 
is sometimes difficult to see this belly part, but in 
stained specimens it can be readily seen, for it stains 
well with eosine, sliowing that it is the remnant of the 
blood corpuscle. We have particularly noted that 
this belly part is, in the unstained specimen, always 
absolutely colourless, except in the very early stage of 
Crescent formation because in the first plate in Mansou’s 
book this part is shown of the same colour as the red 
blood corpuscle but this is clearly not correct. The 
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Malignant Tertian parasite destroys the colouring 
matter of the corpuscle while the Crescent is forming-. 
iSTow the Benign Tertian parasites early destroy the 
colouring niatter of the red blood corpuscle, and we 
can easily understand how they may pick up this 
colouring matter as they are constantly sending out 
arms and retracting them , but the Gre.scent .seems to 
fix itself to one side of the corpuscle, and without 
exertino- itself much, it seems to draw the colouring 
matter from the corpuscle. The protoplasm of the 
corpuscle is afterwards graduallj^ absorbed and then 
we get the typical Crescent body (C). 

The pigment is usually collected iii the middle 
of the Crescent, and this pigment may be in short rods 
or in granules. These pigment rods may be c|uiescent 
or they may be moving slightly. When blood contain- 
ing Crescents is drawn, we see at certain stages of the 
fever what are called — 

Flagella Bodies. 

The term “ flagella ” is applied to what appear to 
be the organs of locomotion of some microbes as 
the bacillus of Enteric fever or the Bacillus noli. 



Enteric Bacillus (diagrammatic). 

By a special method of staining, the flagella of 
Enteric bacilli can be demonstrated. The flagella of 
the malaria parasites are of quite another nature ; 
they more resemble spermatozoa, and it is well to bear 
this in mind, as otherwise some confusion might arise 



MAUGNANX TKKTIAN PARASITES. nl 

from the application of the term flagella to organisms 
which are so totally different in their functions. 

In stained specimens we see that some Crescents 
take more of the blue stain than othei’s. Manson. 
quoting Bastianelli, says “ the male Crescent stains 
more deeply,” whereas Celli in his description of the 
female Crescent says ‘‘the protoplasm is stained a 
darker blue.” That some stain darker than others 
there is no doubt, but whether the darker-stained 
ones are the males or the females, we have not yet 
been ‘"ble to definitely prove. 

If at a certain stage of the fever we watch 
Crescents under the microscope, we find some of them 
altering in shape and becoming round. This is tlie 
flagella body, and in it we see an inner circle and an 
outer circle. 

After a few minutes the pigment granules are 
seen moving — at first .slowly, then rapidly. A few 
minutes later, if there are any blood corpuscles in the 
neighbourhood, they will appear to be very much 
disturbed, their edges will be turned up again and 
again, or a sort of shadow may appear to pass over 
seme of them. What has happened or wdiat has 
caused the disturbance ? It is the flagella which have 
suddenly forced their way from ther ound flagellate 
body (D). 

No illustration can possibly give any idea of this 
very wonderful performance, for in the first place the 
flagella are as nearly as possible transparent, and in the 
second they are moving so rapidly that it is difficult, 
and often imjiossible, to see them until their movement 
begins to slow down. If you could imagine half a 
dozen snakes tied together by the tails and all strug- 
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gling vigorously to get free it would give some idea of 
the movement of the flagella. In the blood of the 
sparrow the flagella can be seen more readily, and aftei- 
breaking away from the flagellate body, they can 
be seen for some time wriggling about among the 
corpuscles ; but the flagella of the human parasite are 
so small and so transparent, they are lost to view ve]‘y 
quickly. The movement of the flagella goes on foi' 
a few minutes, as a rule about 5 minutes, but it may go 
on for a longer time. 

Some of the Crescents are converted into round 
bodies with pigment collected in the centre and a 
clear part outside but differing from those already 
described in that they do not give out flagella. These 
are said to be the female parasites. They often have 
two knobs at one side (D), it is not clear how these 
knobs are forzned. 


Rosettes. 

Rosettes are very seldom seen in the peripheral 
blood in Malignant Tertian cases. We have only 
seen two or three, although several hundreds of 
specimens of blood have been examined. In the case 
of Ramia, which will be given further on, a gootl 
Rosette was found and 13 spoi’es could be distinctly 
counted. The Rosette was at first about half the size 
of a blood corpuscle, but it was left under the mi- 
croscope for over an houi-, and then it had spread out 
and was as laz’ge as a red blood coi'puscle. 

In the blood of Malignant Tertian cases, the 
forms of parasites that are seen usually are, first the 
Ring forms, then the Crescents, and after these the 
Flagellate bodies. When we come ro examine the 
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temperature charts, it will be shown that the temper- 
ature chart can be divided intn three fairly distinct 
periods, and it will further be shown tliat each of 
the three periods in the chart corresponds with the 
appearance of one of the three forms mentioned 
here. The primary fever -with its chart showing a 
gradual slojie up, and then down, tallies in point of 
time with the presence of Ring forms ; the interval 
of little or no fever tallies with the time when Cres- 
cents are seen, and the “ Secondary fever ” or Flagellar 
fever tallies with the appearance of flagella. 

Suhsequent notes, May 1902. — A more detailed 
description of the difteivnces between the male and 
female gametes will be given in Part II. 

(2) We have taken blood from the spleen of 
one case as the fever wa.s coming on, and several 
Rosettes were found. 

(3) We have records of one case in which 
numerous Rosettes were found in the peripheral blood. 

(4) Brassy bodies are seen shortly before the 
onset of fever. 

(5) The term “ Flagella body ” is not a good 
one as it is not applicable to the female. The teiun 
o'amete is more suitable. 

o 



CHAPTER VII r. 

THE FLAGELLAR FEVER IN MALIGNANT TERTIAN. 

NfiiTHER Manson nor Celli, nor anj" of the authors 
that we have consulted, describe or mention anything 
regarding the fever that occurs about the time that 
flagella are seen in Malignant Tertian cases. 

Manson says in regard to Crescents that “the 
Crescent body does not begin to show itself till it 
approaches maturity, about a week after the first crop 
of amoeboid parasites associated with the paroxysm has 
appeared,” and this we have verified in manj^ cases, but 
as regards the exflagellation Manson says : — 

“ In certain bloods exflagellation is easily procured ; in 
others the opposite is the case. As regards the 
Crescents, doubtless success depends in a measure on 
the degree of maturity of the parasite, young or effete 
Crescents failing to evolve. There are other conditions 
affecting the pi’oees.s, however, which are as yet 
unknown ” 

The investigations which have been made here 
throw some new light on this point. While the 
investigations were being carried on a good many people 
(medical and non-medical) visited the Laboratory, 
and as we always tried to show them flagella we noticed 
that there was a certain stage when flagella could be 
found almost to a certainty. After the Primary fever 
had disappeared there was an interval with low, or only 
slight, fever, and then came a second rise of temperature 
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and when this fever comes on flagella can be found. 
We have not failed to find flagella in the blood of any 
case that has been examined during this period. This 
fever to which we havm given the name of “Secondary” 
nr “'Flagellar” fever does not always occur, but even 
wheii it does not occur a few flagella will be found if 
the blood is carefully examined. If the temperature 
i)C high, more flagella will be found ; if it be low, less 
will be found ; and if there be no fever, it may be 
difficult to find them. There is a distinct relationship 
between the amount of fever and the number of 
flagella to be seen, and therefore it would seem 
reasonable to consider that this fever is due to the 
flagella bodies ; and if it is, we have next to consider 
whether the fever may in any way be connected with 
the process of exflagellation. Now it has apparent!}’- 
hitherto been supposed that exflagellation takes place 
only outside the body and after the blood has been 
drawn. There is no doubt that exflagellation is hasten- 
ed by the withdrawal of blood from the body, but we 
have seen flagella bodies surrounded by phagocytes as 
soon as Ave could get the specimen under the micro- 
scope, and it is possible that the flagella may have 
been given out before the blood was drawn. 

Man son speaking of the proiieness to relapse in 
Malignant Tertian cases at page G6 says : — 

“ After apparent recovery from tlie fever there is great 
proneness to relapse at more or less definite intervals of 
from 8 to 14 days.'’ 

It is important to distinguish between the Secon- 
dary fever or Flagellar fever, that has been described 
above, and a Relapse. A relapse conveys the idea 
of a repetition of the process that occurs in the 
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original fever. The relapse in Enteric and in Kekp.s 
ing fever are apparently a repetition of tlie original 
process, but the Flagellar fever is quite different 
from the Pilinary fever, for in the first place the 
Tertian nature of the fever i.s not so evident as it is in 
the Primary fever, and there is more frequently a rise 
of temperature daily, though not alway.s, while it lasts, 
and in the second place, the examination ot the blood 
shows that the piarasite.s are in a very diffe)‘ent 
condition from what they had been in the Priinai v 
fever. In the Primary fever we find the Ring forms, 
but in the Flagellar fever the Ring forin.s are only 
seen in small numbers, if seen at all. Then another 
great point of distinction is that at the end of the 
Primary fever we find Cresceut.s, whereas at the end 
of the Secondary fever, we find that the Crescents 
have to a great extent, if not entirely, disappeared. The 
Crescent appears to be something like a chrysali.s stage 
during which the fiagella are developed, in the same 
way as the legs and wings of a mosquito are developed 
during the time that it is coiled up in the form to 
which the name ‘ nyinpha’ is applied. Now if the 
Cfrescents are numerous at the beginning of the 
Flagellar fever, and if they are in small numbers evt the 
end of it ; if the degree of fever tallies with the number 
of flagella bodies to be seen in the blood, and certainly 
in the eases that we have examined, wc have found 
that the higher the fever, the larger the number of 
Flao’ella that will be seen : if we And flao^ella bodies 
in freshly-drawn blood, then it w’ould seem to indicate 
a strong probability at least that the exflagellation 
may occur in the blood before it is withdrawn from 
the human body, and to justify the introduction of the 
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name which we have given to this particular stage of 
the fever, viz., the “ Flagellar fever. ” 

It is true, as most autliors say, that we very rarely 
find exflagellated bodies in freshly-drawn blood, but 
we have seen hundreds of times, how the phagocytes 
have a special antipathy to the flagella bodies, and 
how they come swooping down from a considerable 
distance to envelop and destroy the flagella bod}'' as 
soon as it begins to throw out flagella, so if the 
phagocyte can thus by some marvellous instinct (if 
the expression may be used in such a sense) lay hold 
of the flagella body when it is placed at a disadvan- 
tage, by being pressed under the cover-glass, how 
much more likely is it, that the phagocyte would be 
able to catch the flagella body when it is free in the 
blood ? If the flagella body is captured by the 
phagocyte before the blood is drawn, tliis may account 
for the tact that we seldom see exflagellated bodies in 
freshly-drawn blood. 

It may be said that the phagocyte has a better 
opportunity of catching the flagella bodies when the 
blood is under the cover-glass, because the latter 
cannot move so easily as the former when they are in 
this position. The force of this argument must be 
admitted, and although we are not prepared to. assert 
positively that exflagellation does take place within 
the body, still the arguments which have been given 
here, do seem to at least establish a probability that 
exflagellation may take place before the blood is 
drawn. At any rate we think that it is a point which 
deserves furthur consideration. Relapses do, however, 
occur at irregular intervals afterwards and in these the 
Ring forms are again found. 
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It is with some hesitation that we have ventured 
to advance this view regarding the occurrence of 
exflagellation within the body, because it is opposed 
to the view which Manson and others apparently hold. 
Manson says : — 

“ It is important to bear in mind that they are never seen 
in newly- drawn blood, and that they come into view 
only after the slide has been mounted for some time — 
ten to thirty minutes, or even longer according to 
circumstances. ” 

Manson’s writings on Malaria are crammed full of 
facts, — facts so numerous that after some months of 
constant observations we are astonished not only by 
their accuracy but by their number, so in venturing to 
disagree with so high an authority on this point we do 
so with some hesitation. 

It was on the 4th of January that one of the 
most intelligent of our observers, Ko Tha Aung, 
remarked that “you always find flagella in Crescent 
cases when fever comes on. ” Since that time we 
have examined many cases in order to test the truth 
of this statement, and we have found that there are 
three periods in a typical Malignant Tertian chart, 
and that each of these periods corresponds with a 
particwlar stage of the parasite. 

There is first the Primary fever which may be a 
clear Tertian — that is, with fever on alternate days 
only — or with fever on the intervening days also. 
After the first day or two, each successive paroxysm 
is less than the preceding one, so that if the highest 
temperatures are joined by a line, this line nearly 
always shows a “downward slope”— a marked contrast 
with untreated cases of Benign Tertian and Quartan. 
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2iui iKn'iod — After the “ downward f<lope ” comes 
an interval of a few days during whicli there is little 
or no fever, and then comes tlie 

3rd period — Tlie Flagellar fever, which may 
have a Tertian appearance, but is not as “ c/ea-r ” a 
Tertian as the Primary fever as a rule, for we nearly 
always find some fever on the intervening days. 

If we examitie the parasites in these tliree stages, 
we find in the 

Ls7, 2 >eiiod — Rings. 

2itd period — A very marked diminution in the 
number of Ring forms, the Crescents gradually in- 
creasing, and at tlve enil of it a few fiagella bodies. ' 
I n the 

3rd period, we find King forms very rare ; Cres- 
camts at first numerous and increa.sing, then decrea.sing 
and disappearing, almost if not entirely ; flagella 
bodies increasing, decreasing, and finally disappearing. 

The Primary fever is caused by tlie asexual 
sporulation of the Rosette forms ; the interval occurs 
at the time when tlie Crescents are maturing ; the 
Secondary fever then comes on, and altliough it is 
contrary to the view held by Man, son, Ross, Christy, 
and others, .still we believe that this part of tlie fever is 
caused by the bi-eaking up of the Crescents, or in other 
words that exflagellatioii does occur inside the body. We 
cannot examine the blood before it is drawn, and therefore 
we cannot .vrc whether exflagellation does occur before 
the blood is drawn, but by examining the blood daily 
and noting the changes that occur, we can draw infer- 
ences, and we would invite particular attention to the 
records of one case — the case of Narhari — and would 
ask whether any other reasonable explanation can be 
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given for the alterations that occur, except the oin' 
which has been suggested here, viz., that iiiiig forniK 
■change into Crescents, and that Crescents cliange into 
Flagella bodies before the blood is tlrawn. 

In the table the results of the daily exaininatioiiH 
are given, and in the chart the totals of the niuuber ot‘ 
Rings, Crescents, &c., seen daily art> entered. Allow - 
anee should be^made for the fact that an equal length 
of time was not spent in examining the blood every 
The Pritnaiy fever in this case is not typiejil- 
for it does not show the dowuwai'd slope. 

The chart has been divided into three periocln 
corresponding to the Primary fever, the Cre.scent for- 
ming interval, and the Flagellar fever. If we further 
subdivide the third period into three subporiods iiml 
^^hen count the numbers of the different kinds of parn- 
ate seen in each period or subperiod we shall fin<l 
tJao totals as follows ; — 


Form of Parasites. 

1st 

2nd 


3rd 



a 

1 

a 

a 

' 

r 

Siog: t^rnxs ... 

iFlagplk bodie^s ,, 

”o ’ 

31 

4 

0 

0 

0 

11 

131 

79 

m 

r»9 

s 


There were no Crescents or Flagella bodies in the 
; period, -although 110 Ring forms were found. 
Ciwee»ts appear m the second period and a few 
^dies, but most of these were seen on the 
wmmg before the Flagellar fever came on. 

• special attention in 

mwi*ed.^Note,how the Crescents soon begin to diminisli 
m number, and note how .i« %& first subperiod the 
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Crescents are nearly clouWe tlio number of the flagella 
bodies, A\'liile in the second subperiod the flagella bodies 
outnumber the Crescents, and in the third subjoeriod 
the flagella bodies are four times as numerous as the 
Crescents. 

The Crescents disappear— there will be a few re- 
maining as there wflll be a few green stalks in a field ot 
ripe corn— the flagella bodies also disappear ; but notice 
hoAV the numbers in respect to each othei' alter, the 
Crescents being at first in the majority, tlie flagella 
bodies being afterwards in the majority. Can any other 
reasonable explanation be oftered to account tor this 
change in numbers except the one which has been put 
forward now, viz., that the Crescents have been convert- 
ed into flagella bodies before the blood had ’ >eeu drawn ? 

A phagocyte never attacks a Crescent, and if the 
Crescent is not converted into a flagella body, where 
does it disappear to and how is it disposed ofi A 
phagocyte attacks a flagella body in the most marvel- 
lous way, and can we believe that a cell wliich per- 
forms a function of this kind when the blood has been 
drawn has not got a similar function to perform while 

it is still within the body ? 

If we examine the record we find on the evening 
of the 1st March and the morning of the 2nd March 
that the number of flagella bodies was 12 plus 16, and 
the number of Crescents seen in the same slides was 
8 plus 5, so that 28 flagella bodies were -seen while 13 
Crescents were counted. Up to the 1st March the 
Cresceirts outnumbered the flagella bodies. We think 
it is a fair inference to draw' that exfiagellation was afc 
its maximum on the eveniirg or night of the 1st March. 
What was the temperature on that evening ? It was 

r, MP 
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Crescent, s are nearly double the number of the flagella 
bodies, while in the second subperiod the flagella bodies 
outnumber the Crescents, and in the third subperiod 
the flagella bodies are four times as numerous as the 
Crescents. 

The Crescents disappear — there will be a few re- 
maining as there will be a few green stalks in a Held of 
ripe corn — the flagella bodies also disappear ; but notice 
hotv the numbers in respect to each other alter, the 
Crescents being at first in the majority, the flagella 
bodies being afterwards in the majority. Can any other 
reasonable explanation be offered to account for this 
change in numbers except the one which has been put 
forward now, viz., that the Crescents have been convert- 
ed into flagella bodies before the blood had been drawn ? 

A phagocyte never attacks a Cre.scent, and if the 
Crescent is not converted into a flagella body, where 
does it disappear to and how is it dispo.sed of - A 
phagocyte attacks a flagella body in the most marvel- 
lous w'ay, and can wc believe that a cell which per- 
forms a function of this kind when the blood has been 
drawn has not got a similar function to perform while 
it is still within the body ? 

If we examine the record we find on the evening 
of the 1st March and the morning of the 2nd March 
that the number of flagella bodies was 12 plus 16, and 
the number of Crescents seen in the same slides w'as 
8 plus 5, so that 28 flagella bodies ’were^seen while 13 
Crescents were counted. Up to the 1st March the 
Crescents outnumbered the flagella bodies. W e think 
it is a fair inference to draw that exflagellation "was a t 
its maximum on the evening or night of the 1st Marcli. 
What was the temperature on that evening i It w’as 

B, MP -i 
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the highest duriag this part of the fever, and wh.^/ 
Was it due to the breaking up of Rosettes and tl 
invasion of blood corpuscles by the spores ? Or w< 
it due to the exflagellation ? 

It is true that a small number of Rosettes an 
Ring forms were seen, but as we said above yo 
always find a few green stalks in a ripe field of corn 
it is also true that 150 flagella bodies were counted i 
the third stage while only four Ring forms were foun< 
and that 110 Ring forms were found in 'the Primar 
fever and not one flagella body was found. If th 
Secondary fever was not due to some difiPerent proces 
from that which took place in the Primary fever, h.o-' 
can the alteration in the condition of the parasite 
which were observed be explained ? 

Subsequent N^otes . — There is one strong objectio 
io the view that exflagellation takes place inside th 
body, viz., that there is not anjr evidence that th 
parasites breed sexually inside the body. Por if, a 
an American writer puts, there are no half joints i' 
nature, it is not likely that this part of the sexua 
process would take place inside the body. There is U' 
doubt, however, that the Crescents are in some wa^ 
broken up inside the body, and perhaps the word 
“ broken up” should be substituted for “exflagellation 
and converted into “ flagella bodies.” 

Professor Wright, writing from Netley on 25t] 
April 1902, ssiys : — 

“ The Flagellar fever theory and internal flagellation seer 
to me^ very likely. We have been watching a cas 
here in the light of your theory, and it has conformec 

in all points with it. Please make use of any pas 

sage in this letter you wish to quote. ” 

In Part II will be found a number of othei 
observations bearing on this theory. 



CHAPTER IX 


MALIGNANT TERTIAN CHARTS 

Quartan charts and Benign Tertian charts can 
be easily placed in groups for the purposes of descrip- 
tion, but when we attempt to classify the Malignant 
Tertian charts we are met with some difficulties, for 
they present great variety. There are some that might 
be called clear Tertians, that is, with fever on one day 
and no fever on the next, and there are others in which 
we find fever every day, but with fever a little higher 
on alternate days. We propose, however, to follow a 
different system of classification, but at the outset we 
must make it clear that the different groups do not 
represent any inherent differences in the parasites, 
but rather different degrees of severity or different 
stages in the fever. 

We have said that the Malignant Tertian chart 
often shows the following stages ; — (l) the downward 
slope ; (2) the crescent-forming interval ; (3) the 
Plagellar fever period. All charts do not, however, show 
these three periods, for some only show the downward 
slope, and there are some which show only the Second- 
ary fever, that is, in the case of men who did not come 
to hospital when they were first attacked. Then 
there are some which show a relapse or a fresh onset 
of fever coming some time after the Flagellar fever. 
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We propose tlien to illustrate the Malignant Tertian 
fever by giving— 

(1) Charts showing the downward slope only, 

(2) Charts showing the downward slope, the 

crescent-forming interval and the Edagellar 
fever. 

■:3) Charts showing the Flagellar fever at the 
time of admission. 

(4) Charts showing a relapse. 

(5) Irregular cases. 

The number of cases that have been thus classi- 
fied is 46. It may he said that it is not advisable to 
draw definite conclusions from such a small number, 
but as c|uinine had not been given to these cases for 
some time after their admission, and as it would not 
he advisable to withhold quinine from a large number, 
the natural course of the fever can perhaj^s best lx ^ 
•studied from observations that liave been made on 
.small numbers. It ought, however, to be mentioned 
that these cases were observed in the winter months, 
and at this season malarial fevers are much milder on 
the whole than those which are met with in the months 
of September and October. 

Cases to illustrate the downward slope : — 

Case I—CMtsonn. This chart shows the higher 
temperatures on the 8th, 10th, 12th, &c., and it 
also shows a slight rise of temperature in the inter- 
vening days at first. It shows also that the temper- 
ature does not fall to the normal in the intervening 
days. Celli remarks at page 46 : — 

•‘This form of Tertian is also called Malignant inasmuch as 
it may become Malignant, the paroxysms being prolonged 
and approaching one another till it simulates a continuerl 
fever and become sabcontinuecl.” 
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We propose then to illustrate the Malignant Tertian 
fever by giving — 

(1) Charts showing the downward slope onljv 

(2) Charts showing the downward slope, the 
crescent-forming interval and the Flagellar 
fever. 

’;3) Charts showing the Flagellar fever at the 
time of admission. 

(4) Charts showing a relapse. 

(5) Irregular eases. 

The number of cases that have been thus classi- 
fied is 46. It may be said that it is not advisable to 
di'aw definite conclusions from such a small number, 
but as quinine had not been given to these cases for 
some time after their admission, and as it would not 
be advisable to Avithhold quinine from a large number, 
the natural course of the fever can perhaps best be 
studied from observations that ])ave been made on 
small numbers. It ought, In^wever, to be mentioned 
that these cases were observed in the winter months, 
and at this season malarial fevers are much milder on 
the whole than those which are met with in the months 
of September and October. 

Cases to illustrate the dowuAA'ard slope : — 

Case I- — Chitsoon. This chart shows the higher 
temperatures on the 8th, 10th, 12th, &c., and it 
also shoAvs a slight rise of temperature in the inter- 
vening days at first. It shows also that the temper- 
ature does not fall to the nonnal in the interA'ening 
days. Celli remarks at page 46 : — 

“This form of Tertian is also called Malignant inasmuch as 
it may become Malignant, the paroxysms being prolonged 
and approaching one another till it simulates a continued 
fever and become subcontinued.” 
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ABSTRACT OF MALIGNANT TERTIAN CHART. 
Case I.— CHITSOON. 


December. 


Diiy of di.sease . . 

M 4 

1 1 

5 G 1 7 8 9 10 

11 12 

13 14 

Day of fever 

4 

5 fi ; 7 8 f) 10 

11 12 

13 14 

Degreca of fever 

5 2 

62! 4020 

\ 1 

1 0 

0 0 


Note, — The fever on 5th, 7th, 9tli, 11th was 6, 4, *2, 1. 


Celli further remarks that “ it is also called AEstivo- 
auturanal Tertian, because it is observed only in the 
summer and autumn, never in the spring.” By far 
the larger number of cases of fever admitted into this 
hospital during the months of J anuaiy and February 
■were of the Malignant Tertian variety’’, so the name 
festive -autumnal should be used with a certain amount 
of reservation. 

On the 18th of December, that is eleven days 
after admission to hospital, and on the thirteenth day 
of the disease, twelve Crescents were seen in one slide in 
a few minutes. On the 2Gth December only one Cres 
cent was found.- On the 6th January nothing was 
found. Manson (page 16) .says “the Crescent body 
does not begin to show itself till it approaches mat- 
m’ity — about a week after the first crop of ammboid 
parasites associated with the fever paroxysm has 
appeared.” 

Case II — Sheoram. The next chart, which is 
taken to show the gradual slope of temperature, is that 
of Sheoram. Crescents were found on the fifteenth day. 
His blood had not been examined however for a week, 
.so it is probable that Crescents appeared earlier. 
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Case 31.— SHEORAM. 


December. January. 


Day of disease j 26 

27 -28 

29 30 ' 31 1 1 2 3 

4 5 

6 7 

8 9 10 

Day of fever ... 3 

4 5 

67 8 9 -10 11 

12 13 

14 

16 17 IS 

Degrees of fever 3 

3 0 

5 14 0 0 3 

0 0 

0 0 

0 «.« 


JsOTE.—On the 29th, 31st and .3rd, 5, 4, 3 degrees of fever. 


Case Ill—Seetia. The next group of charts 
shows the gradual slope downwards, an interval of 
slight or no fever, and then the Secondary fever. To 
illustrate this group, we may take first the chart of 
Seetia. Note the apparent change of day of the fever. 
At first it came on the 23rd and 25th, then it began 
to come on the even days 26th, 28th, &c. 

Case III.-SEETIA, 


December. January. 


Date 

28 24 

2.3 26 ' 27 28 

29 SO 

31 1 

2 3 

4 5 

6 7 

8 9 

toil 

1213 

14 15 16 

Day of 
disease 
Degrees 
of fever 

1 2 

3 4 5 6 

7 8 

9 10 

1112 

13 14 

15 16 

1718 

19 20 

21 *22 

23 2425 

6 4 

6 5 3 4 

1 

2 3 

1 2 

0 1 

1 4 

0 4 

2 2 

1 0 

0 0 

0 0 


Note.— On 4th, 6th, 8th, 10th, 5, 4, .3, 2 degi*ees of fever. 


On the 4th January, the thirteenth day of the fever, 
about a dozen Crescents were seen, and on the same 
day flagella bodies were seen. The Secondary fever 
lasts for about a week ; it is irregular but presents 
some appearance of Tertian. 

On the iSth January, that is the 22nd day of the 
disease, nothing was found in the blood. This is the 
usual course, for Crescents are not found in large 
numbers after the Secondary fever disappears. Now 
if this fever, which we have called the Secondary 
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fever were a relapse, then we should expect to get 
Crescents after it, as we do after the primary fever. 
But in some dozens of cases we find the same 
sequence of events— the gradual slope, the interval 
of no fever or of little fever when many Crescents 
are found, the Secondary fever in which flagella are 
seen, and then the disappearance of fever, while at 
'the same time the Crescents and flagella disappear 
from the blood, at least from the peripheral blood. 

At first we were not able to prove that the 
Malignant Tertian parasite can be conveyed by the 
anopheles, and we thought that this might be due to 
the fact that care had not been taken to allow the 
mosquitoes to bite when the flagella bodies were 
present. Experiments were then made with mosqui- 
toes which were allowed to bite a man during the 
flagellar period. These will be described later. 

Case IV.-MOHAN. 


December. January. 


Bate 

25 26 

27 28 

29 30 

31 1 

2 3 

4 5 

6 7 

S 9 

Bay of disease 

1 -2 

3 4 

5 6 

7 S 

9 10 

It 12 

13 14 

15 16 

Degrees of fever 

5 0 

5 0 

2 0 1 

0 0 

0 3 

2 6 

2 2 

0 0 


Case IV — Mohan. This chart illustrates the 
downward slope, the Crescent interval and the Flagellar 
fever. On the eighth day two Crescents were seen. 
On the tenth day many Crescents and flagella bodies 
were seen. On the eleventh day flagella were seen. On 
the 26 th day, although he had no fever, his blood was 
examined as discharged Crescent eases were from time 
to time_exannned. Colonel Poynder, i.m.s., happened 
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to be heio at the time, and he made the follovring 
note in regard to the flagella body : — 

Cell full of active!}" moving grains of pigment with a clear 
space externally , shortly some of the grains of pigment 
rno\ erl out into tlie clear space liaving devoloped flagella 
and whisked about actively. A short distance away 
in the field was a phagocyte which suddenly swooped 
down on the scene of action — rapidly enveloping the 
whole cell and the moving tlagella. Within a few 
moments, movement had stopped and the pigment gradii- 
allv became smaller and the phagocyte more finely 
granular in appearance.” 

Oil tlie 23i'd January, Mohan had fever, and ring 
fbi’ins worn .seen again. 

]S[.\i.iGXAKT Tektiak Charts — Gkolr III. 

Cit.^e T" — Tlie next group of charts are 
eho.sen te indicate the Flagellar fever at the time of ad- 
mission ti.i hospital. Some of these cases had been in. 
hospital previcusly and some mtiy have had slight 
fever witlmut et)ming to hospital for treatment. This 
group is a. purely artificial group, for they do not repre- 
sent a difterent hind of fever, but by putting them in a 
separate group we wish to draw attention to the impoi'- 
tance of recognizing the Fltigellar fever. For instance, 
the first chart given here is that of Ramjia. He had 
been in hospital from the 3rd till the 11th of Decem- 
ber, and he had been discharged before the time when 

Case V.— ram.UA. 


Pecembei*. 


Date 

1 

17 IS ! 

1 

19 

20 j 

21 

22 

23 

24 

25 

Day of di.sease . . 

' ^ i 

6 7 1 

8 

9 1 

1 

10 

11 

12 

13 

14- 

Degrees of fever 

i 5 

0 ^ 

0 

1 

4 i 

0 

0 

1 

1 

1 
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we had discoA'ered the Flagellar fever. He came back 
to hospital oil the IGth of December, and the chart 
given here shows particulars of his ease after that date. 

\^th — (that is the date of second admission). Crescents were 
found in his blood. 

17/A — Many Crescents and some iingella seen Idi*- Agnes 
Henderson. 

VMk — Twelve Crescents seen in about two minutes. Four 
Crescents seen in one field : flagella also seen. 

— Discharged from hospital. 

*26/A — Four Crescents seen in 10 minutes’ examination. 

This case illustrates the importance of the recog- 
nition of the Flagellar fever, foi the man was dis- 
charged from hospital before the onset of this fever 
and he had to come back to hospital again. We may 
l)e asked to sav whether an officer who wishes to go 
on toui' in liis district can safely go after he has 
apparently recovered from an attack of fever. If he 
had been suffering from a Quartan it would be per- 
fectly safe to give permission to go, but if the fever 
from which he had recovered were the primaiw paid 
of a Malignant Tertian, then the possibility of the 
occurrence of Flagellar fever would have to be con- 
sidered. 

casp. vr — iwiK.AN. 


December. 


Date 

j 1(> 1 17 IS 1 

1 19 2U 

21 

22 i 

23 

Day of disease 

' 2 1 3 4 

! .5 6 

7 

8 

9 

Degrees of fever 

! 

o j 

1 0 

1 

0 

1 


Case VI — Malignant Tertian. Paikan had not 
been in hospital before, but he said he had had fever six 
days before he came to hospital. On the day of admis- 
sion his temperature was over 103 . Many specimens of 
his blood were examined on this day, and many flagella 
bodies were seen, but only one Crescent was found. 
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lifl/i — One Crescent seen after a long search ; phagocytes 
have much pigment ; flagella bodies seen. 

26f/i — No Crescents seen in 5 minutes’ search. 

The history of previous fever, the finding of 
flagella and Crescents on the day of admission, and the 
absence of Crescents at the end of the fever show 
elearly that the man was admitted when he was suffer- 
ing from the Flagellar fever. 

Two Crescents were found on the 9th January. 

Malignant Tertian — Group IV. 

Case VII — Ramin. The chart of Ramia will be 
given to illustrate the fact that in Malignant Tertians 
we sometimes have a chart which presents a clear 
Tertian appearance, re.sembling in appearance the chart 
of a Benign Tertian. 

Case VII.— RAAIIA. 


February. 


Bate 

1 

2 3 

4 5 

6 

7 

S 9 

10 


12 

Bay of disease 

1 

2 3 

4 5 

6 

7 

8 9 

10 

11 1 

12 

Begrees of fever ... j 

5i 

0 5 

0 4 

0 

6 i 

0 1 

0 

2 i 

1 

0 


Malignant Tertian — Group Y, 


It might be expected that we ought to be able to 
dispose of all the charts in the groups that have been 
already described, but unfortunately this is not the case. 
There are some charts which show an attack of fever 
coming several weeks after the first attack, and these 
present such a great variety that it Avould be impossible 
to make them fit into any typical group. 

Subsequent Note— May 1902. — A large number of 
observations have since been made. The “ Downward 
slope” referred to here is not always found. We often 
see an upward tendency for the first few days and then 
a gradual fall of temperature. 



CHAPTER X. 


AN attempt to reconcile THE VARIOUS VIEWS 
REGARDING MALIGNANT TERTIAN FEVER. 

The literature on Malignant Tertian fever is 
rather confusing, for we find authors making state- 
ments which are widely at variance. It may be 
useful to consider whether a knowledge of the fact 
that there are more or less definite periods during 
which particular forms of parasites are seen, will help 
us to reconcile what appear to be directly contradict- 
ory statements. Some extracts from the writings 
of various authors will be given below in order to 
show to what extent they differ. Special prominence 
will be given to the views of Drs. Stephens and 
Christophers, who have recently written a Report on 
“ The Malarial Infection of Native Children ” in La^os 

o 

on the West Coast of Africa, because it would seem 
that their observations, to a large extent, substantiate 
what we have observed here, and because the conclu- 
sions which they have drawn and the theories they 
have advanced do not appear to be justified by the 
observations they have recorded. Their paper is 
published in the Royal Society’s “ Reports to the 
Malarial Committee,” third series. Unfortunately, in 
the tables which are published with their paper, they 
do not make any distinction between the Crescent 
and the flagella bodies, but classify them all together 
under the heading “gametes,” and they do not give 
charts of the cases, nor mention the temperatures of 
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those in which gametes' were found, nor say whe- 
ther there was any difference in the temperatures 
when flao*ella bodies were found. But thev do 

O ' 

mention, at page 9. that ‘‘ contrary to our expectation 
there is a sequence in the oecurreuce of parasites.” 
hsow, erervbofly knows, and Mairson and Ceili have 
distinctly pointed out, that there i.s a spquoKr. from 
Ring forms to Cre.scents, and Stephens aiul Chiisto- 
phers were evidently aware of this, for they say, in an 
earlier part tif their paper, “ Wliile in European blood, 
subsequent to an attack . of fever it is the ere.sceutic 
form of the gamete that i.s encountered,” &c. What 
they evidently meant to convey i.s that there is an 
“ alternation,” for they quote case.s to .show that they 
sometimes found asexual parasites, followed by 
gametes, and others in which they found gametes 
followed by asexual forms. The cases that we have met 
with hei’e have been divided into nve groups, vr :. : — 

< 1 ) Those showing the Primary fever without 
Flagellar fever. 

( 2) Those showing the Primary fever and the 

Flagellar fever. 

(3) Those showing the Flagellar fever only — 

the}’ are eases that had not come to- 
hospital during the Primary fever. 

(4) Those showing true relap.ses, that i.s, eases 

showing the Primary fever, the Flagellar 
fever, and afterwards a true relap.se in 
which Ring forms are again found. 

(5) Irregular cases in which many Ring forms 

and flagella bodies are found at the same 
time. 
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Tlie cases recorded by Stephens and Christophers 
in their Tables would fit into these groups fairly well. 

Eor instance their case 9 : many parasites in the 2nd half 
of July : only one gamete seen in August (10th), would probably 
fit in with our Group I ; their Case No. VII of Table II showing 
o asexual parasites on the 4tli of August and 7 gametes on the 
12th August wmuld probably fit in. with our Group IV. 

Of course, as said above, they have not given the 
temperature charts and they have not made any 
distinction between the Crescents and flagella bodies 
in their tables, but the results of the blood examina- 
tions show such a strong resemblance to those which 
we have found here, that it would seem as if there is a 
great similarity between the Malignant Tertian of 
Lagos and the Malignant Tertian which we find here. 

When Ave come to consider the question whether 
the Crescent changes into the flagella body before 
the blood is drawn from the body we find the opinions 
of writers as follows : — 

Manson at page 1 3 says : — 

‘'ll is of importance to bear in mind that/ they (fiagellated 
bodies) are never seen in newly-drawm blood and that 
they come into view only after the slide has been 
mounted for some time — 10 to 30 minutes.’’ 

Ross — West African Report, says : — 

“ They remain unchanged ■within the vertebrate hosts. 

Christy — page 3 : — 

“ The fact that the flagellated body did not come into exist- 
ence until the blood left the vessels and was outside 
the human body,” <5ic. 

Celli — page 4S : — 

“ In the human body they (Crescents) appeared to be and 
in fact are sterile.” 

Manson is of opinion that flagella bodies are 
never seen in fresbly-draivn blood, and the authors 
mentioned above agree with him. 
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Stephens and Christophers, however, at page 5 of 
the Eeport mentioned above, say : — 

It is here that Native blood presents many points of 
divergence from European blood — features that have 
hitherto not been recorded. While in European blood 
subsequent to an attack of fever it is the crescentic 
form of the gamete that is encountered, in Native blood 
while gametes are exceedingly common, yet the crescentic 
form is I’are, the gametes assuming the spherical forms 

found, in simple tertians and quartans 

We are convinced on the contrary that the crescentic 
form is not an essential distinctive feature of the 
restivo-autumnal parsite.” 


Stephens and Chi’istophers having found what 
Manson, Ross and Celli sa};- never occurs, proceed to 
give an explanation. Now there are two ways in which 
the ditference in the observations might be explained — 
one that Native blood is different from European blood, 
the other that the specimens of blood may have been 
examined at different periods of the disease. Stephens 
and Christophers do not apparently take the latter into 
consideration ; without l^ringing forward any argument 
or assigning any reason for the conclusion they have 
drawn, they say that there are many points of diver- 
gence between Native and European bloods, and they 
do not make the suggestion that the difierence in the 
observations may possibly be accounted for by the 
observations liavina; been made at different stao^es of 
the attack. 

We have seen a good many cases of malaria in 
Natives of India and in Europeans, and the symptoms 
seem to be exactly the same in both, and as far as we 
can judge from the descriptions given of the parasites 
by Manson and Celli the parasites seen here and those 
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seen in otlier parts of the -world seem to be the same, 
excepting in some minor points, -udiich may possibly be 
due to differences in description. We have seen, 
however, that there is a peinod when more Crescents 
are found than flagella bodies and there is a period 
when the flagella bodies are more numerous than the 
Crescents, and until Stephens and Chi'istophers have 
examined a number of cases throughout their whole 
course we mu.st hesitate to accept their statement 
that the Crescent does not occur in the se.stivo- 
autumnal fever. 

The next question to consider is whether there is 
any connexion between the Crescent body or flagella 
body and relapses, and we may take relapse here to 
include Secondary fever from whatever cause. 

Manson (page 66 ) says “ the Crescent body does 
not cause fever.” Celli (page 52) says "'so that Golgi 
erroneously believed that these Crescents represented 
the germ of recurrent fevers.” Stejihens and Christo- 
phers (page 9) “We cannot in the present state of our 
knowledge, attribute any part to the gametes in the 
production of relapses but in the same page, and a 
few lines above, these writers say ; — 

So that it would appear as if there was a succession of gam- 
etes, in the same way as we have a succession of deve- 
lopments of asexual parasites leading to the ordinary 
febrile attacks of Europeans ” 

What is meant by this last paragraph is not clear. 
Do they believe that one gamete (Crescent) produces 
another gamete -without going through the regular 
stages of Ring form. Crescent, flagellate body ? If so, 
they do not bring forward any arguments to support 
this view. 
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They have been puzzled bj" what they ha^•e seen, 
])nt it is perfectly clear that they have been examining 
case-! during the Flagellar fever period. 

We believe then that we have shown that many of 
the diiferences of opinion which exist at |)resent will 
disappear when it is recognised that there are two fever 
periods in the Alalignant Tertian, and if writers on the 
subject will take care to particularise what period of 
the fever they are describing. 

In Alanson, at page 66. we find : — 

“A. Piehn states that during a period of two years 
residence in Africa he only once saw the flagellated 
’body " 

and i.> it not curious that Stephens and Christophers 
should have found it so frequently ? 





SPARHOW MALARIA PARASITES. 

PLATE Vlfl, 


Quartan^ parasites ; Halteridium, 

Ditto Flagella bodies* 

Tertian parasites : Proteosoma : note how the ilucleus is shoved aside 
Ditto Flagella bodies and a free flagellum. 



CHAPThiR XL 

MALARIA IN SPARROWS. 


Two kiucls of parasite have been found in 
sparrows — one called the proteosoina, which is round 
in shape, and the other halteridium,, because it was 
supposed to resemble a halter. In the investigations 
which have been made here it has been found that 
those sparrows which have the proteosoina in their 
blood get a rise of temperature every other day or 
Tertian fever, and those which have the halteridium 
in their blood get a rise of temperature every third 
day or Quartan fever. 

The observations which led to the discovery of 
the fact that sjDarrows get Tertian and Quartan fever 
were made during the months of March, April, May, 
June, July and August, and during these months 
there were a few admissions of men to liospital for 
Tertian and Quartan fevers. This seemed rather 
curious, and the question was asked whether the 
parasites which cause Quartan in sparrows are the 
same as those which cause Quartan in man, and an; 
the Tei’tain parasites of sjiarrows the. same as the 
Tertian parasites of man ? If there is any truth in the 
statement which is now accepted by many writers on 
Malaria in regard to the conveyance of maiaria, 
parasites from man to man by means of mosquitoes, 
then it would be important to enquire wliother 
parasites might be conveyed from birds to man. 

B, MP 





CHAPTER XL 

MA-LARIA IN SPARROWS. 

Two kinds <jt' pamsito have beou found, in 
sjDarrows — one called the proteosoma, which is round 
in shape, and the other halteridiura,. because it was 
supposed to resemble a halter. In tlie investigations 
which have been inade here it has been found that 
those sparrows which have the pi’oteosoina in their 
blood get a rise of temperature every other day or 
Tertian fever, and those which have the halteridiura 
in their blood get a rise of temperature every thii'd 
day or Quartan fever. 

The observations which led to the discovery of 
the fact that sparrows get Tertian and Quartan fever 
were made during the months of March, April, May, 
June, July and August, and during these months 
there were a few admissions of men to hospital foi- 
Tertian and Quartan fevers. This seemed rather- 
curious, and the question was asked whether the 
parasites wdiich cause Quartan in sparrows arc the 
same as those which cause Quartan in man, and ai’e 
the Tertain parasites of sparrows the same as the 
Tertian parasites of man ? If there is any truth in tlur 
statement which is now accepted by many writers on 
Malaria in regard to the conveyance of malaria 
parasites from man to man by means of mosquitoes, 
then it would be important to enquire whether 
pai’asites might be conveyed from birds to man. 

B, MP 
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In the Lecture on Malaria, which Pi’ofessor Koch 
delivered at Eastbourne, on the 26th July IQOI, he 
said, when speaking of the measure proposed by him 
for externdning malaria, that “ in making this proposal 
I presuppose two things — firstly, that the malaria 
parasites are restricted to man. As to the first of 
these proposals I regard it as adequately proved bv 
the fact that nobodj?' has yet succeeded in findino- 
parasites identical with the human malaria parasite 
in the blood of any animal.” 

A few days before Koch had delivered this 
Lecture, he had in his Lecture at the Tuberculosis 
C(iagres.s given his reasons for thinking that the 
bacillus of bovine tuberculosis was not the same as the 
bacillus of human tubereulosi.s. It is well known that 
bacilli alter in many respects according to their 
environment and as it is now looked on as a matter of 
the very greatest importance to decide whether the 
tubercle of man is the same as the tubercle of cattle, 
so from the point of view* of prevention it is also im- 
portant to enquire whether the malarial germ of man 
is the same or is in any way related to that of animals 
or birds. 

Koch presupposes that the malaria parasites of 
man are restricted to man, and he bases his principal 
method of prevention on this assumption. The mala- 
ria parasites of the sparrow differ considerably in 
appearance from those of man, but this might be ex- 
pected from the fact that the blood of birds differs so 
much from that of man. Are the differences which 
have been observed between the human and bird 
parasites due to environment merely, or are the para- 
sites totally different ? It was with a view to throwing 
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some light on this subject that the investigations 
regarding sparrow malaria have been made. 

Altogether 292 sparrows were examined. Their 
temperatures were taken twice daily and entered in 
charts. Each blood examination lasted 5 minutes and 
the number and kind of parasites found were entered 
in the charts. The effect of quinine given by mouth 
as well as hypodermically was watched in some eases 
and the effect of methylene blue in others. In the 
table given below is shown the number of sparrows 
examined in each month, the number in which Quartan 
parasites were found, the number in which Tertian 
parasites were found, the number with both kinds of 
parasite, and the number in which no parasites were 
found. The percentage of the whole number in which 
parasites w'ere found is also noted. 


Table showing the number of sparroios examined, • 


Month, 

Quartan. 

Tertian. 

Double 

infection. 

No. of 
sparrows 
without 
parasites. 

Total. 

Per cent- 
age in 
which 
Parasites 
found. 

March 1901 

4 

10 

13 

7 

34 

79 

April ,, 

23 

22 

2 

17 

67 

75 

May ,, 

17 

6 

0 

71 

94 

24 

June ,, 

10 

1 

1 

32 

44 

27 

July „ 

18 

0 

0 

5 

23 

78 

August ,, 

26 

0 

0 

4 

30 

87 


101 

39 

16 

136 

292 



This table shows that the percentage of sparrows 
having parasites in their blood in March and April 
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was 7 5, and in the two following months it was about 
25. In the months of May and June malaria fevers 
in man are at their minimum, and it is worthy of notice 
that the numbers of sparrows infected in these two 
months appears to be less. 

Second, it is also worthy of notice that the pro- 
portion of Tertian parasites found in May and June 
decreased considerably, and this would suggest the 
possibility that the agency by which the Tertian is 
eoiiA’eyed to birds may differ from that by which the 
Quartan is conveyed. In the experiments which were 
made here regarding human malaria we were not able 
after many experiments to convey Quartan from man 
to man by means of anopheles although there was 
evidence in favour of the Benign tertian having thus 
been conveyed. 

Third, Dr. Lawrie, of Hyderabad fame, has written 
in the Indian Medical Gazette regarding sparrow 
malaria, and he has made a number of statements 
which we have over and over again proved to be wrong, 
such as that the halteiidium and the proteosoma are 
the same and that the parasites are not affected by 
quinine. Dr. Lawwie’s paper will be dealt wdth 
separately, but it has occurred to us that if he was 
examining the sparrows at a time when the Tertian 
parasites are not found, then it would be easy to 
understand how he made such a great mistake in 
saying that sparrow parasites are not affected by 
quinine. The Tertian parasite is undoubtedly affected 
by quinine, but the Quartan is onlj- slightly affected 
by it. 

While canning out these observations we noticed 
that those sparrows w’hich had the long parasite 
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(haltericliuin) in their blood had higher temperatures 
every third day, that is, they had Quartan fever. This 
was noticed in nearly every case — 101 altogether. 
The temperatures of some of these sparrows were 
taken for as many as 60 days, and throughout the whole 
time the chart showed the Quartan appearance. 
Similarly most of the- 39 with the round parasites 
showed a Tertian appearance in the charts, and those 
in which no parasites were found never showed either 
a Quartan nor a Tertian appearance in their charts. 
After the administration of quinine to those which had 
the Tertian parasites the Tertian appearance of chart 
disappeared if the quinine was given in sufficiently 
large doses, affording good evidence that the fever 
was due to these parasites. 

In 16, both the Tertian and Quartan parasites were 
found together, and in these the fever was, as a rule, 
somewhat irregular. 

Normal Temperature op Sparrows. 

Charts were kept of a number of sparrows in 
which no parasites were found, and these showed that 
the temperature was usually about 103 in the morning 
and 106 in the evening. 

Quartan Fever in Sparrows. 

In the Quartan of man we have often seen that 
the temperature on the three successive days is “ high,” 
low,” “ lower,” that is, on the first day it is high, next 
day it is not so high, but often a little above normal, 
and on the third day it is normal ; and it is a curious 
thing that in sparrows we nearly always find the 
temperature on the second day of each period lower 
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than the first day temperature, but not so low as the 
third day temperature. This “ high,” “ low,” “lower” 
temperature applies to each successive cycle of 
development of the parasites. 

The Quartan parasites of the sparrow resemble 
the Quartan of man in having large granules of 
pigment and in their slow movement, but they diflPer 
in the following points : — 

(1) They do not fill the whole red blood corpus- 
cle, but lie along one side of the corpuscle, half 
surrounding the nucleus. 

(2) The Rosettes ai’e very seldom*' seen in the 
sparroV, but flagella are seen very often, while in man 
flagella are rarely seen, but Rosettes can always be 
found in the shivering stage. The esflagellation can 
be seen in almost every field in some eases. We have 
frequentl}^ put specimens of blood under the microscope 
as quickly as possible after the blood was drawn in 
oi’der to see whether it is likely that exflagellation has 
taken place inside the body. 

Sparrow Tertian. 

We have before us as we write the charts of 28 
sparrows, in which Tertian parasites were found, and in 
which the chart shows Tertian fever. The tempera- 
tures are frequently about 108° or 109° on one day 
and 106° or 107° on the next day. . In the human 
Benign Tertian fever we have noticed that there is 
frequently a change of day in the fever, that is, if the 
days for fever are the 2nd, 4th, 6th, &c., wm may see 
the fever coming on on the 9th, 1 Ith, 13th, &e. , and it is 


* See note at eiul of this chapter 
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a curious fact that a similar change of clay is noticed 
in the case of sparrow Tertian. 

Tertian Parasites. 

These have been called proteosoma. They are 
round and rather small, usually placed at one end of 
the corpuscle and they nearly always push the nucleus 
of the corpuscle to one side. A Quartan parasite grows 
along one side of the nucleus but never dislocates it 
as the Tertian does. In the Tertian the pigment is 
fine, and the Rosette has about 20 parts. 

Effect of Quinine. 

Dr. Lawrie of Hyderabad has said that quinine 
has no effect on the malarial germs in sparrows. He 
probably did not experiment on sparrows with Tertian 
parasites, for quinine has a most wonderful effect on 
these parasites and on the Tertian fever. If we take 
a few charts we shall see the effect of quinine. 

In the abstracts of the Charts 106°P. is taken as 
the normal evening temperature and the figures in the 
column for degrees of fever indicate the number of 
degrees above 106, thus the figure 3 indicates a 
temperature of 109°. 

Qase (1), Spcm'ow No. 56. — Here we see 
between the 6th and 26th April 1 1 paroxysms, in which 
the temperatures on alternate days went up to 108° or 
109°. On the 27th one grain of quinine was given by 
mouth. Prom the 28th till the 5tli May the temper- 
ature was not above 106°. The number of parasites 
seen in a five minutes’ count had been 15 : 10 ; 15:8: 
12:5:9:3:5:13: before the quinine was given. The 
next counts were made on the 3rd, 4th, 5th and 6th 
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Half giain qniiiine by mouth t Oiio giaiii quinine by month 
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days after quinine was given and not a single parasite 
was seen. 

Case (2), Sparroiv No. 58. — In this case there 
were nine paroxysms before quinine was given. The 
paroxysms came on the even days at first — 6th, 8th, 
10th — and then came on the odd days — 11th, 1 3th, &c. 
Half a grain of quinine was given by mouth on the 
23rd and one grain was given on the 27th. The tem- 
perature, which had been 107, 108 or 109 on alternate 
d^ys, did not go above 106 for a fortnight. The para- 
sites were not appreciably reduced in numbers after 
the half grain, but after the grain was given no 
parasites were seen for five days. There had been 
from 3 to 11 seen daily before the quinine was given. 
The chart after this again shows a distinctly Tertian 
type and parasites were again found. 

Case (3), Sparroio No. 36. — After six paroxysms, 
in which the temperature on alternate days was 108°, 
half a grain of quinine w'as given. One paroxysm 
followed and the number of parasites was not 
appreciably diminished. One grain was given by 
mouth and after that no parasites were found and the 
temperature did not again go above 106°. 

Case (4), Spay'voio No. 67. — Tertian fever up to 
108° and 109°. After one grain of quinine the tempera- 
ture remained below 106° for six days Before giving 
the quinine, 32 parasites were counted in five minutes. 
On the day following the administration of quinine no 
parasites were found. A few days later the chart 
shows distinct Tertian and from 13 to 56 para^tes 
were found in the five minutes search. 

Case (5). — In this case the temperature was 109. 
One-fifth grain of quinine was given hypodermically 
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Nine parasites had been seen on the day before the 
(quinine was ^iven. N'ext day fonr weie seeiij and in the 
following’ nine days only one ivas seen. Then para- 
sites were again seen and the chart again showed a 
Tertian appearance. One grain of quinine was then 
o’iven bv mouth. The parasites disappeared, and, 
in the next four days, none were found. The tem- 
perature during this time only went above 106 on 
one day. 

The above cases are a few that have been taken at 
random from a large number, but they are suflficient to 
show the very marked influence of quinine on the 
Tertian parasites and fever in sparrows. 

We have seen then that at a time of the year 
when we have been finding Quartan and Benign 
Tertian parasites in men we have found Quartan and 
Tertian parasites in sparrows ; that t he parasites of 
sparrowLS in many respects resemble those of man ; 
that the special peculiarity of the Quartan in man, 
the “high,” “low,” “lower,” temperature is also well 
seen in sparrows ; that the special peculiarity of the 
Benign Tertian in man, the tendency to change of day 
is also well seen in sparrows ; that quinine has a marked 
effect on the Tertian of sparrows; that there are 
usually about ten spores in a human Quartan, and 
there are about eight in a sparrow Quartan, and that 
there are about twenty in a human Tertian, and about 
the same number in a sparrow Tertian. We have 
seen here in the Central Provinces very often that 
the worst cases of fever are found in men who have 
been working or “shikarring” in the jungles far away 
from human habitation, and if malarial fever is con- 
veyed from man to man, and from man to man only. 
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how can the excessive severity in such cases be 
explained ! 

We do not say that the malaria of sparrows is 
the same as that of man ; but we would ask, is Pro- 
fessor Koch justified in making’ the pre-supposition 
that the malaria of man is confined to man and in 
basing a line of preventive treatment on this assumption 
before he has proved that the parasites of man are 
not the same as those of birds or other animals. 

Suhiicqiient Wote. — (I) We are doubtful if Roset- 
tes are found in the Quartan of sparroAVS. Notice the 
large number of flagella bodies seen in the Quartan 
cases on the day of fever. If Rosettes are not found, 
and if flagella bodies are more numerous on the day 
of fever, how far does this tend to confirm the idea 
that there is a relationship between the ripeness for 
exflagellation and the Secondary fever in Malignant 
Tertian (human) ? 



CHAPTER XII. 

THE ANTI-PLASMODISTS. 

There are two sides to every question, and wdiile 
some observers consider that the parasites are the 
cause of the malarial fevers, there are others who 
take a contrary view and who do not believe that the 
small bodies which have been described are parasites 
at all and that they have nothing to do with the fever. 
Chief among these is Dr. Lawrie, and it may be worth 
while to consider the arguments which he has brought 
forward to prove that these small bodies are not para- 
sites. Dr. Lawrie has written that “ the points of 
controversy between ourselves and the plasmodists 
cannot be settled by mere assertion and counter 
assertion,” and we shall enquire whether and to what 
e-vtent some of the assertions are based on facts. 

We have examined about 300 sparrows in the 
past few months. Two or three men have been em- 
ployed taking the temperatures under the wing, and 
four others have been examining the blood of these 
sparrows daily. The temperatures have been entered 
in charts, and at the foot of the charts the number 
and kind of parasites seen at each examination have 
been recorded. There were very few exceptions to 
the rule that where we found the halteridium we saw 
a Quartan chart, where we found the proteosoma 
we found a Tertian chart, and where we found no 
parasites we found neither a Quarian nor a Tertian 
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chart. The exceptions were a fe^v cases, in which 
the observations were not continued long enough 
owing to escape or death of sparrows. When then 
Dr. Lawrie says that the two parasites are the same, 
is making one of those assertions which he so strongly 
deprecates. 

In the paper which appeai-ed in the Indian Medi- 
cal Gazette in November 1899 , Dr. Lawrie said that 
“ the only difference between the proteosoma and the 
halteridinm is that the halteridium is halter-shaped and 
the proteosoma is round,” and in the same paper he 
says : — “Some remain circular for some time, and some- 
what resemble the hyaline bodies seen in human mala- 
rial blood. Others soon appear to have a constriction 
in the centre and contain a few black granules. Most 
of them become halter-shaped when they attain the 
full size.” 

In the sparrows which we have examined, if we 
found round forms at the beginning in the blood cells, 
Ave found them throughout the examinations, which 
lasted for some weeks, and if we found the long parasites 
^halteridium ) we also found them throughout. When 
either parasite is free in the plasma it may be round, 
but while they are within the red blood cells they are 
perfectly distinct. 

Dr. Law'rie then says : — 

“ Several pigeons were given quinine hypoder- 
mically and by the mouth, but without any effect in 
reducing the numbers of the proteosoma.” It is not 
stated how much quinine was given. We have been 
told that Quartan fever is not much influenced by 
quinine and on enquiry have been told that only small 
closes were given, but we have never seen a Quartan 
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fever which has not been stopped for a time by one 
dose of tweirty grains of quinine. No conclusion of 
any value can tlierefore he drawn from the fact that 
quinine was aclministei'ed to birds unless the quantity 
of quinine is known. We have found that one grain 
of quinine given by mouth to sparrows has a very 
marked effect in reducing the number of parasites. 

We shall next deal with a number of conclusions 
that have been come to at Hyderabad. It is stated 
that no form of Laveran body, either human or avian, 
is a parasite, and as it fulfils none of Koch’s canons, it 
cannot be “ pathogenic.” 

The first of Koch’s canons i.s. “ the microbe in 
question must be found in the blood and tissues of the 
animal which has suffered from the disease.” We have 
found the Quartan parasite in every case in which we 
have seen Quartan fever ; we have not seen the Quartan 
pai’asite in any case in which the chai’t did not show 
Quartan fever ; we have allowed the cases to go for 
some time for the sake of observing them, and have 
examined them hundreds and hundreds of times, and we 
have seen that the parasites are always present while 
the fever lasts ; when a patient comes into Hospital, if 
Quartan parasites are seen, this is noted on his ticket, 
and we have been able in every ease to predict from an 
examination of the parasites that the chart would have 
a Quartan appearance ; we have been able very often 
to say on what day the fever would come by the 
appearance of the parasites ; we have seen in every 
case that when the shivering begins Ro.settes will be 
found in the blood ; and we would ask then is there 
any other germ which has been credited with the 
causation of any disease which more thoroughly fulfils 
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Kocli’s first canon than the parasite which causes 
Quartan fever ? Further, we have seen how when 
quinine (twenty grains) is given the parasite of Quart- 
an disappears^'' and how the fever stops at the same 
time. And yet Ave have Dr. Lawrie’s assertion that 
these parasites or Laveran’s bodies do not fulfil one of 
Koch’s canons. 

There is one of Koch’s canons that they do not 
fulfil, v-iz., that the germ must be translated from 
culture to culture for several generations, taking 
precautions against the introduction of other microbes. 
But here may it not be Koch's canons that are at 
fault, for although there are many microbes which can 
be isolated and cultivated for several generations a 
difficulty arises when we have to deal with the intra- 
cellular microbes. 

The third of Koch’s canons is that the microbe 
must be capable of causing the disease in a healthy 
animal. Manson’s and Fearnside’s experiments in 
transferring Benign Tertian fever from one individual 
to another are sufficient to convince most people on 
this point. 

Dr. Lawrie next makes the extraordinary asser- 
tion that “ neither the plasmodium nor the proteosoma 
possesses the function of reproduction.” The men 
who are working in this Laboratory smiled when they 
read this “ assertion” for they have, night after night, 
put parasites under the microscope, kept them warm 
near a lamp, watched them develop and form Rosettes, 
and they saw the spores gradually break away. 

Dr. Lawrie does not admit, however, that the 
young parasites which are seen in the blood cells 

^ Note — A few parasites may remain. 
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are the same as the spores which break from the 
Rosettes, and he gives a reason for this assertion, vr:., 
that the “ spores are a great deal larger than the speck 
in the red cell, which is the form in which tlie 
proteosoma first appears in the blood.” Captain Foam- 
side makes a very reasonable suggestion that measure- 
ments might be given to show this alleged difierence 
in size. Here, again, Dr. Lawrie calls assertion to his 
aid and says in reply “the difference in size is so 
apparent that measurement is unneces.sary.” 

The spores are not all of exactly the same size : 
some are larger and some are smaller. The sjiores 
change apparently in size. We say apparently, for 
they are subjected to a certain amount of pressure 
when placed between the cover glass and the slide, 
and as a result of pressure they may appear to increase 
in size when they have been left between the o'lasses 

V o 

for some time. Then, again, the young parasite may 
not be subjected to the same amount of pressure verti- 
cally when it is situated inside a corpuscle, and it may 
be subjected to more pressure laterally and conse- 
quently it may appear smaller. For these reasons we 
think that even if the parasite when it is inside the 
coiqiuscle appears smaller than when it is free in the 
blood plasma, this does not prove that they are different 
bodies. But this marked difference which Dr. Lawrie 
appears to have noticed we have not observed. 

A Benign Tertian parasite, when free in the blood 
and in the young stage, has a peculiar appearance when 
it is stained with blue. There is a part which stains 
well with blue and there is the sac attached lo tliis 
which stains only at its periphery. N ow we get exactly 
the same appearance in the young parasite after it has 
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entered the corpuscle. It would be interesting to 
hear how Dr. Lawric would explain this fact. 

The next assertion by Dr. Lawrie is :~ 

“We deny altogether that either the halteridium or the 
proteosoma, or any other form of Laveran body, avian 
or human, possesses the function of reproduction at all. 
The Rosette is met with so very rarely in the blood, 
either of birds or of human being.s, that it is impossible to 
regard it as the sporulating element by which reproduc- 
tion is carried on, and when it is found, the proteosoma 
forthwith diminish instead of increasing in number.” 

There are three Jissertiuns in this sentence, and, 
tollowing out the principles laid down by Dr. Dawrie, 
we shall avoid counter-assertion ; but we would ask 
attention to one ease of Benign Tertian and leave our 
leaders to conclude for themselves what value is to 
be attached to these three a.ssertions. The chart of 


ABSTRACT OP BENIUX TERTIAX CHART. 

Samuel ]}{orberL 


IVlareli. April. 


Date 

29 31) 

31 1 

2 3 

4 5 

9 7 

8 9 

10 11 

12 13 

Degi'eeaof fever 

5 0 

7 0 

5 0 

7 3 

6 0 

5 0 

0 0 

0 . . 

^ r Young 

1 1 

206 

49 60 

13 5 

18 29 

10 17 

18 12 

4 2 


Pigmented 

9 359 

302 102 

47 64 

6142 

:i6 16 

19 19 

21 10 

6 .. 

(S 1 Rosettes 










1 

24 .. 

5 1 

11 . 

0 

11 ... 





Note the fever on 29th, 31st, 2nd, 4th, and the irregularity on the 5th. 
Compare with the Detailed Record. 


the case and the record of the blood examinations are 
given. Four slides were examined daily and 20 
minutes was devoted to each examination. 
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Date. 
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Temperature* 
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j 


1 *2 

125 „ 

i 97-1 

! 17 


•23 

i 5 



45 

14-01 - 

ll ^ 

3-0 a 

! 97- 

o 

j 

1 

*22 

i 

1 

! 


1 


1 . 

4-30 „ 

97-6 

1 


25 


1 • 


i 27 



I 


■50 ; 

90 

12 j 


; 152 

— 

r 1 

, 10 a.m. 

97*S 

1 



D 

i 2 


i 


•2 

: 1 2 p.ra. 

99-J 

) i 




i '' 

4 

] 17 

2-4-01 ... 

S 

1 ’ 2-45 „ 

101*: 

2 j 

. 



> 15 

1 

1 16 



1 ! 4-0 „ 

103* 

4 13 

•• 

’ 

t 7 


! 20 


\ 

i 


i 

1 

! 

j 

1 — — 

1 10 37 5 

1 

r! 65 


Duration of each c^aunnatijii. 20 unimte-,. 
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DETAILED RECORD OF SAMUEL ISrORBERT— 


d 

0 ^ 

53 

1 J J 
s *53 

5 s 
i ^ 

J 8 

p 

"rt 

o 

B 

CD 

£-« 

r ^ 

5 q3 

0° ^ 

14-1 o 

M s 

& 

Young forms 
pigmented. 

Tvliddle stage. 

& 

P 

or 

CA 

03 

-4-3 

4-3 

CD 

tf 

o 



1 

3-30 x>.m. 

97* 

3 

9 

4 


1 

17 

3-4-(tl 

o 

4-iO „ 

98-2 

2 

10 

2 



14 


3 

5-0 „ 

97 2 


7 

11 



IS 

1 

4 

S-0 „ 

97-4 


5 

16 



21 





5 

81 

33 


1 

70 

[ 

1 

10 a.m. 

98 -G 



2 

17 

o 

22 

44-01 

2 

10-45 

101 -I 




•25 

7 

32 


: 3 

1*2-S p.ni. 

1054 

7 



12 

1 

20 

1 

■! ^ 

•2-0 ,, 

103 0 

11 



5 


16 





18 


2 

59 

11 

90 

1 

1 

10 a.m. 

V7 2 

4 

7 


2 


13 

54-01 . J 

2 

1*2 0 noon. 

97 G 

9 

10 


1 


20 


3 

2 p.m. 

98-0 

6 

9 




15 

1 

- 4 

4-0 „ 

101*2 

10 

12 


1 


23 





29 

38 


4 


71 


i 1 

11 a.m. 

07*6 

1 



8 


i 9 

6-4-01 -j 

i 2 

12-0 noon. 

98*0 

3 



4 

2 

9 


i 

2-15 p.m. 

lUO-G 

5 


1 

1 


7 

1 

' 4 

i 2-38 „ 

1014) 

1 



2 





1 


10 


1 

15 

2 

28 


^ 1 

1 

10 a.ra. 

, 97*0 

3 

4 

1 



8 

74-01 ...i 

i o 

11 „ 

97*4 

4 

2 




6 

1 

:| 3 

-12-15 p.m. 

97 6 

6 

3 




9 


i ^ 

1240 „ 

1 97 *S 

4 

5 

1 



10 


i 

-i 


i 

i 

17 

11 

2 



33 

j 

i ^ 

10 a.m. 

j 9S- 

! 


1 

1 8 

2 

11 


1 2 

12-0 noon. ; 

1 lO-PO 

i 1 


2 

^ 3 


6 

S-4-01 ...j 

[ 3 

12-30 p.m. 

101-0 

! 5 



2 


7 


-j 4 

„ 

100-6 

12 



3 


15 


i 

1 1 

1 

j 


IS 


3 

16 

2 

39 


Duiatioa of each examination, 20 minutes. 
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detailed record op SAMUEL NORBERT-(co»(*L) 


1 

! 

j 

i 

J- O 

? 3 

'fl o 
;z o 

k; 

Hour when ' 
blood drawn. 1 

j 

Temperature. | 

1 

as 

3-2 

o c! 

CD 

fcc S 

S 

o 

'C QJ 

s — * t>D 

HO 

. s 

Fullgrowui. j 

o 

■4-J 

CD 

(/' 

O 

Ph 

j Total, j 

J 


1 

9 a.m. 

97*2 

3 

3 2 



8 


o 

1-21 pan. 

97 G 

3 

4 2 



9 

94-01 

1 

3 

3 „ 

9S-0 

o 

3 1 

1 


5 


4 

4-0 „ 

930 

4 

- ! 'M 



9 





12 

12 i 7 1 



31 

1 

1 

8-4“) a.ni. 

97*2 


! 3 ; 

>2 


5 


.) 

10-40 ,, . 

97-4 

1 

' 0 

O 


5 

l0-4-(ll 










3 

3 p.ra. 

97-8 

3 

»2 1 



S 

1 


.3-33 ,, 

9S-0 


1 2 

4 


7 






1 : 9 i 

11 


25 


1 

9 a.rn. 

97*8 

1 

1 1 1 

1 


4 

114-01 

o 

10 ,, 

97*0 



1 


3 


3 

MS p.m. 

97*2 

1 

0 



3 

\ 

! ^ 

2-0 

97-4 


. , 1 

1 


2 





|"¥“ 

1 

CO 

3 


12 

1 

' 1 

11-22 a.m. 

97*G 

1 

1 

1 




2 

124-01 . 

! " 

1-5 p.rii. 

98*0 

1 

} 

1 ; ; 



1 


3 

•2-48 „ 

97*4 

1 

1 ! 



1 


I 4 

' 3 40 „ 

1 

97*8 


1 1 I 



2 



1 



2 4 



6 

I 

1 

1 

' 9 a.m. 

97*0 


1 


1 

2 

134 01 " - 

o 

i 9-50 ,, 

97*6 



1 


1 


3 

12-0 noon. 

' ' 97*6 


' ’ ! 



1 


■1 4 

2 ' p m. 

97*0 


i : 

1 






1 



.. 2 


1 

1 

”4 

1 

1 

i 9 a m. 

97*6 

1 

1 . i 1 



2 

14-4-01 

o 

1 p.m. 

97*8 


1 



1 


;■) 

3 0 

98-0 






1 

4 

j 

5-0 

97*2 

1 




1 





2 

. i 2 

1 



4 


Duration of each examination, 20 minuter. 
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At the foot of the chart is shown the number of 
youiio- forms, pigmented parasites, Eosettes and flagella 
foi'ms which were seen each day ; but it is only when 
we examine the daily record carefully, and note what 
kind of parasites are seen at a particular stage of the 
fevt, r, that we are able to see in what way the life 
histtn'V (jf the parasite is connected with the fever. 
Peo[)le who have Tertian fever frequently get fever 
every day, especially towards the end of the fever, 
and we often liear them say “but I cannot have 
Tertian fever, for the fever comes on every day.” In 
tliis cjxse after four tui'ns of fevei' on the regular days 
there was some fever on one of the intervening days, 
and it is woidh noticing what parasites were seen on 
this (lay, the 5th of April. If, for convenience, we 
spr^ak of the day on which fever comes as the fever 
day and the intervening day as the free day, we see 
on the 29th, 3 1st, 2nd April, 4th (the fever days) that 
after the paroxysm we find several young unpiginented 
forms in the corpuscles, and on the free days ( 30th, 
1st, and 3rd), we see that the young unpiginented 
forms get less as the day goes on, and in the evenings 
there are none ; but on the 5th, which we should expect 
to be a free day, 10 young unpiginented forms were 
found at 4 p.m. There was a little fever on this 
day, and some young unpigmented forms were found. 
It is reasonable to conclude that some Rosettes had 
broken up on this day and that this was the cause of 
the fever. 

On the 30th, a free day, we see a large number 
of y( lUng pigmented forms and a large number of half- 
grown parasites. In the morning the majority are 
young pigmented and in the evening the majority 
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are half grown. Note the figures at each examina- 
tion : — 


Young pigmented parasites 

76 

51 

37 

1 6 

Half-g•ro^rn parasites 

2 

29 

62 

88 


On the next clay, 81st, the young pigmented are 
scarcely to be seen ; there are a few half grown in the 
morning, and a large number of full grown. At 9-40 
the patient began to shiver and 23 Rosettes were 
counted. Several others were seen by Captain Watson, 
who happened to be in the Laboratory at the time, 
but these are not entered in the record, as only 
those seen at the regular examinations have been 
noted. At 11-20, 48 young unpigmented forms were 
seen. 

The 1st of April was a fvea day, and we see the 
young unpigmented forms fairly numerous in the 
morning but decreasing during the day — several young- 
pigmented forms but no full gi-own or Rosettes. The 
2nd was a fever day, and we find in the morning the 
majority of parasites in the middle stage. At 2 p.m. 
fever came on and we find chiefly full gi’own and 
Rosettes. In the evening the full grown and Rosettes 
are much less, but we see the young unpigmented 
forms again taking their place. 

On the 3rd, a free day, we see the young unj)ig- 
mented forms getting less and disappearing, the young 
pigmented forms in the majority and getting less as 
the day goes on, while the half grown are in small 
number in the morning but inci’easing in the evening. 
There were no full grown, and only one Rosette. It 
is worth noting that this was the first Rosette which 
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Wixs found on a free day, and it shows that a little 
in'omduritv was beohinino*. 

o « o o 

Oil the 4tli, which was a fever clay, there were no 
youiiy forms seen in tlie inorning. Fever came on 
between 10 a.nd 11 o’clock and Rosettes were found, 
together with a mimber of full grown. In the evening 
the full grown liave decreased, and the young unpig- 
niented have appeared. 

On the 5tli, whicli in the ordinary course we 
shouhl expect to bo a free da}?-, we find something 
unusual ; there were 4 full grown forms and there 
V'ore 10 young unpigmeuted forms in the evening, 
showing that there was a certain amount of irregular- 
ity of development, and it was on this day that fever 
came, on Avhat we might expect to be a free clay. 

The total number of pai'asites counted on each 
day was as follows: — 


30lJi 

31st, 

1st 

1 ! 

2n(l 3rd 4tli 

5 th 

Gth 

7th 

8th 

9bh 

lOth 

:Jd9 

375 

152 

65 70 90 

1 

1 

71 

28 

33 

39 

31 

25 


There was no fever after the 10th, and it is worth 
noting how many parasites were found: — 


nth 

12Dh 

13 th 

14 th 

12 

6 

4 

4 


Dr. Lawrie’s name ranks among the highest as a 
Surgeon ; but it is hoped that his name as a Surgeon 
will not put liim in the false position of being consi- 
dered ;in authority on Malaria. 



CHAPTER XIII. 

QUOTIDIAN 

Manson and Celli both describe two kinds of 
parasites which cause Quotidian fever, one an unpig- 
mented parasite and the other a pigmented parasite. 
On the other hand, Koch, in his Final Report on the 
German Malarial Expedition, says that, apart from 
Quartan and Tertian, which occur among ourselves, 
there is really only one form of malaria, viz., “ Tropical 
Malaria.” 

Maiison says, in regard to Pigmented Quotidian, 
that it is smaller than the Tertian, that it occupies 
from about one-fifth to one-third of the red blood 
corpuscle, that the young forms are very active and 
tend to assume the ring forms, and that the Rosette 
forms little heaps of very minute spores. Celli says 
the granules of pigment are searceR visible. 

In the first edition of this book, it was stated that 
two cases seemed to tally with the description of 
pigmented Quotidian. During the past year or more 
we have been watching specially for such eases and 
have not met any. Also we have asked many members 
of the Malaria Conference if they had seen such cases. 
We are beginning to doubt the existence of a Quotidian 
parasite. 

A clinically Quotidian fever is common enough, 
and is most frequently found in Malignant Tertian 
cases, or in eases with two parasites ; or in the Benign 
.Tertian fever especially in old-standing cases. 



‘ ( 'H AFTER XIV. 

MOSQUITOES AND MALARIA. 

The literature on the subject of the relation 
between ]\Ialaria and Mosquitoes is already A’^ery 
extensiA^e, and no attempt Avill be made here to gAe a 
full or connected aect)unt of the reasons Avhich led 
Manson to suggest that Malaria Avas conveyed by 
mosquitoes oi- that led Ro,s.s to prove that mosquitoes 
are the carriers. Our readers may refer for information 
on this subject to Manson’s book on d’ropical Diseases, 
to Ross’ We.st African Report, to Celli’s book on Mal- 
aria, to Christy’s hook on Mosquit<.)es and Malaria, to 
(Giles’s book on Mosquitoes and to the numerous 
articles Avhlch have appeared in medical and non- 
medical Joui'nals during the past yea]“ foi' information 
on this subject. Some experiments have been made 
in Nagpur in order to sIioaa' whether the Auews AA'liich 
liaA'e been adAmncod by some of the writers mentioned 
jiboA'e are correct, and a short account of some of 
these experiments may be of interest. 

The mosquito, which has got the ei’edit of carrying 
the Malaria fevei' germ, is called anoj^heles, and after 
finding the amjpheles we began to enquire what time 
of the year the anopheles is found and Avhether the 
time of its presence tallies with the time Avhen the 
malarial fevers are prevalent. A year has noAV elapsed 
since we beg’an to collect anopheles, and a record haS' 
been kept of the number caught daily in a given area. 
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Tiie place selected was the Jail Hos[)ita], and the 
follr>wiiiu* talkie shows the niiiiibers collected in each 

O' 

month hetwet-n October 1900 and October 1901. 


Month and yeai‘. 

Monthlj total 
of admissions 
for fever. 

Monthly total 
of anopheles 
caught. 

Lowest record 
by wet miniraum 
thermometer. 

October 1900 

105 

117 

50 

JJ'ovember 

:n 

139 

51 

December ,, 

325 

189 

52 

January 1901 

52 

43 

45 

February ,, 

26 

! 18 j 

45 

March " ,, 

23 

1 16 ' 

55 

April ,, 

24 

15 

56*4 

May ,, .. 1 

7 

12 

60 

June ,, ... 1 

7 


62 

d'uly ,, . . 1 

12 

19 

69-5 

Auf^ust ,, . . 

21 

3,106 1 

70 

September ,, 

119 

1 

633 : 

64 


Wcilaj! Totals for Aiioust anU Sejitember. 


Augnst 1901. 

1st week 

5 

59 


2nd 

3 

211 


3rd „ 

4 

382 


^th „ 

9 

454 


Total .. 

21 

1,106 


September. 

1 

1 

293 


1st week 

21 


2nd „ 

38 

117 


3rcl „ 

22 

i 114 


4th „ 

38 

1 109 


Total ... 

119 

633 



In the months of February to J uly there was hard- 
ly an anopheles to be found. They began to appear in 
large numbers about the middle of August, and at the 
end of August the malarial fevers began to prevail. 

The next question is — what time are malarial 
fevers most prevalent — and here it will be interesting 
to compare the seasonal prevalence of malarial fevers 
with that, of other countries. Celli gives the figures- 
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showiii ‘4 the number of admissions for malarial fevers 
into the hospitals of Rome for thirteen years. If Ave 
omit the units and ten.s, and put down the even hun- 
dreds, the figures stand as follows : — 


Jan, 

1 Feb. Mar. 

April. 1 

May. ^ June J July. 

Aug. 

Sept. 1 Oct. 

Nov, 

Dec. 

46 

1 37 39 

39 1 

35 1 25 8S 

176 

152 127 ^ 

95 

66. 

1 


In Nagpur the average number of admissions for 
ten years in the Jail, AA'ith a population of about 
1,000. is— 


Jan 1 Feb 

Mar. 

A pill 

ilay 

June.* July 

; Aug 

1 

^ Sept. 

Oct 

Nov. 

Dec. 

Admissions j 31 27 

1 1 

2S 

12 

15 

14 1 31 

j ss 

1 

1 50 

1 

56 

50 

37 


In Rome the maximum is generally attained in 
August. In Nagpur it is later— in September or 
October. In Rome from November till June there 
is a general tendency to a diminution of the number 
of admissions, and the similarity in the Nagpur figures 
is remarkable. 

Thei-e has been a great deal of evidence already 
bi'ought forward to show that in whatever joarts of the 
Avorld malarial fevei-s are found the anopheles mosqui- 
toes are found there also ; but there probably has not 
been any experiment niade similar to this one, to 
show whether the anopheles season coincides with or 
precedes the fever season. For some months - April, 
May, June and July— there were veiy few admissions 
for fevers, and in those months there was scarcely an 
anopheles to be found. The anopheles appeared in 
August, and a fortnight or three weeks later .malarial 


* Since writing the above a similar record has appeared in the October 
.number of tlie Tndifin Medlctd Gazettv by Captain Glen Inston. 
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cases began to come to Hospital. Then it may be 
worth while to consider why the anopheles mosquitoes 
begin to breed in August, and possibly the rainfall 
may "be one of the most important elements to be 
taken into consideration. The a\'erage monthly rain- 
fall omitting decimals at Nagpur for the past ten 
years is ; — 



Jan. 

Feb. 

Mar. 

Apiil 

May. 

June 

July 

Aug. 

Sept. Oct j Nov Dec. 

Rainf^m 

0 

0 1 

0 

0 

i ^ 


14 

12 

0 1 1 ^ 


At page 5 of the West African Report, it is 
shown that tire largest numbei’ of admissions for 
malarial fevers occur in the middle of the rainy season. 
Here the admission rate is greatest after the rains. 

'We have seen that the seasonal prevalence of 
anopheles would tend to support the mosquito-malarial 
theory, klany experiments were made on individuals 
who volunteered to allow themselves to be bitten, and 
a short account of these will be given. 

First, it was necessary to get a supply ot young 
anopheles. Every little pool of dirty water around the 
Jail had numbers of the culex mosquitoes, but the 
anopheles pools were very few. It has lieen pointed 
out by manv writers that the anopheles jirefers a pool 
with clean water, while the culex will choose a pool 
with dirty water, and our observations here cuntirmed 
this fact. A cook-house pool is the fa\ ourite place 
for the culex, and from one small tcinhu { a small 
masonry tank) w'e collected about 4^ millions of 
culex eggs in a month. The eggs are laid in “ boats,” 
each boat being made up of about 250 eggs. Some- 
times as many as 1,600 of these boats were deposited 
on this little tankct in a single night, or rather in the 
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■early morning, which is the laying time. At one 
corner of the Jail there was a small clear stream 
coming from an underground drain (a French drain), 
.and this was the favourite place for the anopheles to 
deposit their eggs. When the stream ceased to flow, 
.a few pails of clear water were thrown into this drain 
every morning, and the anopheles continued to lay 
their eggs there with great regularity as long as any 
anopheles were to be found. It need hardly be .said 
that the larvie from this pool were all collected. 

The time taken for development was as follows : — 
After 24 hours the young larvae came out of the 
.shell; 16 days later the larvm were ti-ansformed 
into the nympho ; and in from two to thi-ee days the 
fully -formed mosquito emerged from it.s covering. 

The mosquitoe.s were kejit in lai'ge bottles, fi’oni 
which the upper part had been remo\’ed, and these 
bottles were covered by a cap of moscjuito netting’. 
At first the netting used had a coarse me.sh, but the 
anopheles was able to pass easily through this, and 
then fine mesh netting was substituted. 

The males Avere fed on plantains, and the females 
were allowed to have a meal of blood (only the females 
suck blood) from the arm of an individual who had 
.a known kind of malarial pai*asites in his blood. 

The time chosen for giving this meal of blood 
was the evening just after sundown, for then the 
mosquitoes fed greedily when a man placed his 
forearm, previously moistened with water, over the top 
of one of the bottles containing the mosquitoes. The 
mosquitoes ' were allowed to bite the same man for 
four or five nights and then they Avere alloAved to bite 
one of those who volunteered to be bitten. 
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Experiments with Benign Tertian. 

In describing the results it will be well to take 
each kind of fever separately, and we shall begin with 
the Benign Tertian. The dates on which the mos- 
quitoes were fed on the individual already infected 
and the volunteers are here given. 

We see that out of seven cases who volunteei-ed 
to be bitten by the mosquitoes, four were attacked by 
fever, but in only two of these did we find the Benign 
Tertian parasite. In case (1) a parasite was found, but 
it was a young form, and there was no proof that it 
was a Benign Tertian. 

Taking the two cases in which parasites that were 
undoubtedly those of Benign Tertian were found, we 
see that the fever came on in one case 22 days after 
the first bite, and in the other about 15 days after the 
first bite. It may be said by those who are opposed to 
the mosquito theory that the fact that the attacks of 
fever came after the mosquito bites was entirely 
accidental. This was the objection raised against the 
cases which were experimented on in Italy. We have 
carefully examined the blood in every case that has 
been admitted for fever while these experiments were 
being carried on, and out of a population of 1,200 
(odd) there were only two other eases admitted for 
Benign Tertian. If the fever in these two eases were 
not the result of the mosquito bite, would it not be 
curious that out of seven individuals who were bitten 
by mosquitoes two should get Benign Tertian fever, 
while only two other eases occurred among about 
1,200 men ? and would it not be still more curious 
that ftie time when the fever came on was about a 
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t 7j~the man wlio was Ijittcii by the infected luosquitucH. 



MOSQUITOES AND MALARIA. 


97 


fortnight or three vfeeks after they had been bitten by 
the mosquitoes ? 

The fever in all these eases was milder than in the 
cases which were admitted to hospital without having- 
been bitten voluntarily by mosquitoes. Perhaps the 
mosquitoes had not been fed originally at a time when 
the flagella bodies were ripe for giving out flagella, 
or perhaps there may be other ways in w'hich the 
malarial parasite can be introduced into the human 
body. 

Experiments with Quartan. 

In the accompanying table are given the details 
regarding this experiment. Nine men volunteered to 
be bitten. There were several cases of Quartan fever 
in the hospital at the time the experiments were made, 
so the mosquitoes had a good chance of getting the 
infection into their own bodies. The mosquitoes were 
allowed to feed on a Quartan case for about four 
successive nights, and they were then allowed to bite 
the volunteers. Out of the nine cases there was not one 
that got Quartan fever, and not one in whose blood 
Quartan parasites could be found. The blood of all 
these cases was examined almost daily, and if Quartan 
parasites were present they could hardly have escaped 
notice. The number of bites varied from 21 to 83, and 
if Quartan fever is conveyed by anopheles, then it 
would be difficult to understand why these volunteers 
did not get Quartan fever. 

It was in the early months of the year that 
Quartan cases were found chiefly, although there were a 
few men in whose blood Quartan parasites could be 
found at any time of the year, so the season for Quartan 

B, MP 7 
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.S o 


7277 Barkia Do. 6th to 8th do. 81 9th to 16th do. 

3156 Abdul Aziz 492 J eolagya 12th to 16th Mar. 24 20th to 24th Mar. 
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infection does not appear to be the same as the season 
for the Malignant Tei'tian infection, and perhaps the 
Benign Tertian infection. 


Expehiments with Malignant Tertian. 

Seven men were bitten by anophele.s that had 
been fed on cases that were infected with Malignant 

o 

parasites. Of these, one got fever (102- 8) three days 
after being bitten and Malignant Tertian parasites 
were found. In another case no fever was noticed, 
but 23 days afterwards a Crescent was found. In 5 
cases no fever followed and no parasites were found 
in the blood. 

What conclusion can be drawn from these 
experiments ? The evidence in favour of Benign Ter- 
tian being conveyed by mosquitoes has been discussed, 
but as regards Quartan there is no evidence at all 
that it is conveyed by anopheles. Take, for instance, 
the ease of Seetia, the first on the list. He was bitten 
83 times by mosquitoes that had already bitten a man 
with Quartan parasites, 62 times, and yet no fever 
followed. If anopheles carry Quartan then it would 
be difficult to explain why he was not attacked unless 
we assume that (1) he was immune, or (2) that the 
anopheles did not bite him at the time when the 
parasite was in a suitable condition, or (3) that the 
season was not one in which the Quartan parasite 
could develop properly, or (4) that the species of 
anopheles used in the experiment was not the cor- 
rect one. 

Similarly, if we take the first ease in the Malig- 
nant Tertian list, we see that the anopheles bit 
a man who was infected with Malignant Tertian para- 
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sites, 49 times, and 4 days afterwards these same 
mosquitoes bit a healthy man 31 times and yet no 
fever followed and no parasites were found in the 
blood. 

On the other hand, we have seen that the season 
when the anopheles are most abundant is just a 
few weeks before the season when the malarial fevers 
begin to prevail. 

Manson has proved conclusively that the Benign 
Tertian can be conveyed by the anopheles mosquito, 
but in regard to the other fevers there is not appar- 
ently any evidence that they are carried by mosquitoes, 
and the only conclusion that may be fairly drawn 
from the experiments that have been made here is 
that a man may be bitten very often by mosquitoes 
which have been already fed on an individual who has 
undoubtedly Quartan or Malignant Tertian parasites 
in this blood and yet not suffer from an attack of fever 
nor have any parasites in his blood. 

The whole subject is one which requires to be 
much more fully investigated. 

Suhsequent note . — • 

In Part; II it will be shown that the effect of temperature had 
not be taken into consideration and that the low temperature was 
probably the cause of failure to infect. 



CHAPTER XV. 

SEASONAL PREVALENCE OP MALARIAL FEVERS. 

We have already ^eeiit hat the time of the year 
when the malarial feveis are im.)St prevalent is iii the 
months of September and October, and that the number 
then gradualR diminishes. In Italy the fevers have 
been divided into two groups, one called the AEstivo- 
autumnal, and the other the Spring fevers. In the 
former, the Italians put the Malignant Tertian and 
Quotidian, and in the latter, the Quartan and Benign 
Tertian. We propose here to enquire what kinds of 
malarial fever prevail at paitieular seasons, and in 
the table given below the total number of admissions 
for each kind of fever during the past ten months have- 
been entered. 


Statement showing numher of admissions hy months 
uith different varieties of parasites. 


Month. 

! 

1 

Quartan. 

.1 

1 

.2 

Double 

infection. 

Total. 


S 

iVI. T. and 
B. T. 

November 19(J0 
December 

3 

r5 

24 


32 

23 

Januai-y 1901 

4 

3 

16 


February 

1 


12 


13 

March 

1 


o 


6 

April 

1 

I 


j 

! 1 

May 





1 0 

June 


3 


1 

3 

July 


3 



3 

August 

1 

3 

10 1 


14 

September 

1 

39 

51 

i 

*3 

94 

October 


1 

Total 

12 

56 

U8 ! 

3 j 

189 



SEASONAL PREVALUNCB OF MALARIAL FHVKKK. 103^ 

Quartan. 

There were altogether L2 Quartan cases exclud- 
ing those with mixed infections. From May to July 
no Quartan case was admitted. Some of the men 
who had been admitted during the cold weather had 
Quartan parasites in their blood throughout the 
greater part of the year, although they were not get- 
ting Quartan fever. One of those who was admitted 
in September and had Quartan parasites in his blood 
was an old case (Jangli) who had been in hospital in 
the winter time ; he got an attack of Influenza in 
September, so his admission might have been shown 
under Influenza rather than under Quartan. 

Benign Tertian. 

In the first eleven days of September there were 
18 admissions for Benign Tertian, whereas there \vere 
only 1 1 admissions for Malignant Tertian in the same 
time. Between the 11th and the end of September 
the number of admissions for Benign Tertian was only 
21, while the number admitted for Malignant Tertian 
was 40 ; but during this latter period a weekly dose 
of quinine, 20 grains, was given to 400 men, and it 
will be shown later on that this weekly dose of quinine 
had probably a greater eflfeet in checking the Benign 
Tertians than the Malignant Tertians. As there were, 
however, in the month of September nearly as many 
Benign Tertians as there were of Malignant Tertians, 
the numbers being 39 Benign to 51 Malignant, it 
would seem that the term j3Estivo-autumnal, which the 
Italians have applied to the Malignant Tertian, is 
misleading. In January, February and March there 
were many more Malignant Tertians than Benign 



MALaEIAL paeasites. 


lOi 

Tertfaiis, so the term Spring Tertian applied by the 
Italians to the Benign Tertian is also not a good 
term. Various names have been given with a view to 
distinguishing the parasites. If you say to a man 
wdth a temperature of 107 that he is suffering from 
Benign Tertian, he will probably be very indignant 
and consider that jmu are making jokes on a subject 
w'hich he is not inclined to laugh at. Some have 
applied the terms Tertian and Semi-Tertian, but 
taking everything into consideration we think that 
the most suitable names would be Crescent Tertian 
and non-Crescent Tertian. 

Malignant Teetian. 

From April to July there were no admissions for 
Crescent Tertian. They began to appear in August, 
and were most numerous at the end of September. 



CHAPTER XVI. 

TREATMENT AND PROPHYLAXIS. 

A MAN may have a large number of parasite.s in 
his blood and yet have no fever while they are grow- 
ing. It is only when the Rosettes burst, and the 
spores break away, or when the flagella bodies break 
up, that fever comes on. Hence it is supposed, that 
the fever is due to some poison which has been ex- 
creted by the parasite during its growth and that 
this poison does not affect the individual injuriously 
until it has been liberated by the breaking up of the 
Rosette. This has not been proved by experiment, butit 
seems to be a reasonable explanation of what occurs. 
.Treatment then resolves itself into two parts — first, 
ithe removal of the poisonous material excreted by the 
i parasites, and second, the destruction of the parasites. 

' The removal of the poisonous material is effected 
naturally by the free sweating which follows an 
*• attack, and it is assisted by the various diaphoretics 
.>or purgatives which are administered in such cases, 
^or by hot drinks. This part of the subject is dealt 
'’with fully in the ordinary Medical text-books and 
,no advantage would be gained by its repetition here. 
i The parasites are not got rid of through the 
; sweat glands, and we have to consider how they can 
be killed or cleared out. Nature has supplied a 
■ipemedy in the shape of the phagocytes, and they are 
'constantly destroying some of the parasites. The 
medicines that are used to assist in their destruction 
are quinine, arsenic, and methylene blue. We have 
shown in the Chapter on Quartan fevers the absolute 
ineflSeieney of arsenic, and although we have not 
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eries I’egarding Malaria will confer an equal, if not 
a greater, boon on residents in Tropical and sub- 
Tropical climates. Whether the credit will be given 
to Laveran, the discoverer of the parasite, or to Celli, 
Grassi, and the numerous other Italians who differen- 
tiated and described the various kinds of parasites, 
all must agree that there are two English names which 
in any treatise on the subject of Malaria deserve to 
be written in large letters — the one M AN SON the 
other ROSS. 



PART II. 


INTRODUCTION. 

The last chapter of Part I was closed by a reference to 
the names of Manson and Ross, but we feel, now that we have 
been able more fully to confirm their work and to prove 
beyond a doubt that the Anopheles does carry malaria, that our 
acknowledgment of their work was far from sufficient. We 
compared Ross’s discovery with those of Jenner and Lord Lister, 
but great and valuable as these discoveries were, it is only 
after long continued investigation and study that one begins 
to realize the enormous importance and value of Manson’s and 
especially Ross’s work. Ross’s discovery was not the result of 
a mere accident. He dissected mosquito after mosquito until 
he found the parasites growing in the stomach (the zygotes) ; 
but the marvellous part of his discovery is how he came to 
trace a connexion between these zygotes and the small spindle- 
shaped bodies ^sporozoites), which break away from the zygotes 
and find their way into the salivary glands of the mosquito. 
Ross’s enthusiastic persistence in his investigation must ever be 
a subject of our highest admiration, but it is not improbable that 
many years will elapse before the nature ot his discovery can 
be estimated at its proper value by the general public or even 
by medical men. Since the first edition of this book was 
published our investigations have been carried on regularly. 
We have had ample opportunity of confirming many observa- 
tions that had been already made, and during the Malaria 
<.''onference which met at Nagpur, we have had an opportunity 
of comparing notes and discussing many doubtful points with 
the members of the Royal Society’s Malaria Commission as 
well as with the Delegates who were sent by the Government 
ot India from the various Provinces. 
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Very little need be added in regard to Quartan fever. A 
few cases which were kept under observation during the time 
of the Malaria Conference showed the remarkable regularity 
of development and also the remarkable persistence. The 
20-grain dose of quinine has never failed to stop the fever. 
We have not been able to convey the Quartan experimentally. 
Quartans are rare in the autumn time, but are found in the firA 
three months of the year. 

As regards the Benign Tertian fever also there is little to 
be added. We have not been able to determine at what 
time, in the course of the disease, the sexual forms are to bo 
found. By injecting the blood of an individual who was 
infected with Benign Tertian parasites into another individual, 
we were able to infect the second individual, but although the 
parasites could be found in the blood, only a very slight amount 
of fever followed, and that only in one case. Blood-containing 
parasites was injected into two monkeys : and although the blood 
of the latter was examined daily, no parasites could be found. 

Many more observations have been made in regard to the 
Malignant Tertian, and especially in regard to the secondary 
or what ^Ye called the Flagellar fever. 

The Quotidian parasite we are beginning to believe is a 
myth. Although we at first found two or three cases which 
seemed to tally with the description that had been given of 
Quotidian, we now believe that these cases were Malignant 
Tertian, and not one case of Quotidian has been found in the 
past year, although special attention was directed to the question 
of the existence of a separate parasite. 

A word may be said in regard to the advantage of diagnosis 
with the aid of the microscope. When we know what we 
are dealing with, and when we know that a person has malarial 
parasites in his blood we give large doses of quinine with 
confidence. During the past year we have rarely met any 
case of malaria fever, even of Malignant Tertian, that could not 
be stopped within 24 hours. It should be stated that none of 
the cases were of the very severe type that is sometimes seen. 
For instance, several years ago in the Lushai Expedition we 
saw in one small camp by the Mat river a number of sepoys 
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who were attacked by what seemed to be a severe I'oriii 
of malaria fever, in which vomiting and diarrhoea were pro- 
minent symptoms, almost like, bat certainly not cholera. It 
would he interesting to know what parasites are present in 
such cases,™ whether the severity of the attack is dne to a 
special form of parasite, or to special virulence of the parasite, 
or to the presence of large numbers of the ordinary parasites. 

The form of fever — Black water fever — which is so pre- 
valent oil the West Coast of Africa, and which we have been 
on the look out for, for many years, we have not seen, although 
we have seen many cases of the ordinary malarial fever in 
Baluchistan, the Punjab, the Central Provinces, Lushai, Assam 
and other parts of India. Cases are, however, met with in the 
Duars. 



PLATE IX. 


VACirOLES, 


CEENATED CORPUS CLE S . 


LEUCOCYTES. 

Stained mtli Romanowslq/ 





Stained mtli Eosin and Metiiylene Hue 

Mononuclear (Large) Mononuclear (Small) 



P oljmo p}: ouu cl e ar 


Eosinopliile cells 



CHAPTER I. 


HINTS TO BEGINNERS WHEN SEARCHING FOR 
MALARIA PARASITES. 


It will seem unnecessary perhaps to tell a begin- 
ner to see that he has the right side of his slide up 
when he puts it on the micro.scope, but the old Labo- 
ratory man will admit that he has often wondered 
why he could not find the focus, and how at la.st 
he discovered that the film side of his slide was dowm. 
So alwaj^s look twice at a slide before you put it under 
the microscope. Take a dry film uncovered by a 
cover-glass, and if it happens to be a thin film, notice 
how difficult it is to say whether you have the right 
side up. Next hold it out in front of you, so thfit 
the light falls on it si anting -wise, and you will see a 
dull surface on the film side, but a shining- surface 
on the other side. If you don’t realise this difficulty, 
you will be certain to make mistakes and waste a 
great deal of time trying to find the focus. 

The cedar-wood oil which is sold in India is usual- 
ly very thin. Tho.se who have been accustomed t<j 
work with the thick cedar- wood oil, which is sold in 
England, know that after the oil immersion lens 
touches the oil they screw down the fine adjustment. 
But Avhen using thin oil it is usually necessary to 
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screw the tine adjustment up after touching the oil. 
Those who are in the habit of working with the mi- 
croscope in a sloping position will find that the thin 
oil runs off the slide. Dr. Powell of Bombay has been 
using castor oil instead of the cedar-wood oil, and he 
thinks it is a good substitute, but he says that care 
should be taken to test the oil in order to see that 
it is not acid as the acid may injure the objective. 

The absolute beginner will almost invariably ask 
when he looks at the microscope, what is the big 
round thing ? and without looking to see, we gene- 
rally say it is a bubble. 

In the dusty climate of India there will alvvrays 
be a small particle of dust in the eyepiece, however 
careful we are, and when this happens to lie over a 
red blood corpuscle it often looks very like a Ring 
form parasite. Turn the eyepiece round or move 
the slide and see what happens to the Ring form. 
The particle of dust moves with the eyepiece. 

There are fine particles or cells in some speci- 
mens of blood, and when one of these happens to lie 
over a red blood cell, it also makes a most perfect 
Ring form for a beginner. Ko Tha Aung gave us a 
hint about this, which we have found very valuable. 
Touch the cover-glass with a needle, and the blood 
dust moves off the corpuscle. It should be stated 
that it is in wet films that the blood dust is likely to 
simulate the Ring form. 

But it is the vacuole which is the real puzzle to 
the beginner. If you watch a Ring form for some 
time, you will often find that it sinks down or rises up 
and what had the appearance of a ring, with a part 
in the centre which is of the same colour as the 



HINTS TO BI5GINNBR.S. 


1-/1 


remainder of the red blood cell, becomes uuiforinly 
colourless. A vacuole may present very much the 
same appearance, and we often had great difficulty in 
distinguishing between these two, until Ko Tha Aung 
discovered an extremel}^ simple, but most useful 
method of distinguishing the vacuole from the spread 
out Ring form. This is to alter the focus slightly : 
the vacuole spreads out or gets smaller, but the limits 
of the parasite remain the same. This is a wonder- 
fully useful hint when examining Malignant Tertian 
cases. 

Then the red blood cells will occasionally be 
cracked or torn, and if the tear does not extend to the 
edge, we may have a very good imitation of a young 
parasite with its arms extended in different directions. 
But when the arms of the parasites are thus exten- 
ded they are always amoeboid. 

In our College days we were told that there were 
two kinds of corpuscles in the blood, but we occasion- 
ally see a very large red blood cell, called a megalo- 
cyte, and small red blood cells called microcytes. The 
white blood corpuscles require much more elaborate 
study than can be given to them here, but you will 
have to make yourselves familiar with the poly- 
morphonuclear cell, the large mononuclear cells, the 
small mononuclear cells, and the eosinophile cell. 
To study these, a well stained specimen will be a 
great advantage. You will also have to consider 
which of these are the phagocytes or scavenger cells. 

A very good way to find the focus quickly with 
the oil immersion is as follows : — 

(1) Put the drop of cedar- wood oil over the 
thickest part of the film. In a good moist film there 
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may be so few eui-puseles in the middle of the filni that 
they may not be noticed. 

(2) Examine with the Ioay power ( one-third), 
arrange the lighting, and make certain that there is a 
thick layer of corpuscles in the middle of the field. 

(3) Turn on the oil immersion, and lower till it 
meets the oil. 

(4) Continue lowering v’ery slowly and cautiously 
hy means of the fine adjustment until you find the 
focus. If the oil is very thin and vou are exaininiuo’ 

*j O 

a dry uncovered film, it may be necessary to screw' up 

fil'St. 
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FILMS OP BLOOD FOB EXAMINATION, 

Blood may be examined either in wet or in dry 
films. Each method has its advantage-s and disadvan- 
tages. The method of making the moist films will be 
described first. If we draw a drop of blood and put 
it on a slide, the’ red blood cells tend to x’un together 
into “ 1-ouleau.x,” and while they are aiTanged in this 
way, it is difficult or impossible to see the parasites 
that majr be inside any of them. Special precautions 
have to be taken in order that the blood corpuscles 
may spread out and lie flat on the smTace of the 
glass. The slides and cover-glass must be thoroughly 
clean, and there must be no waste of time in putting 
the cover-glass down on the slide. If the slides or 
cover-glasses have been used before, and if vaseline 
has been applied to them, they should be washed well 
in turpentine, f hen with warm water and soap, and 
finally in alcohol so as to remove all traces of grease. 
‘The part of the body from which the blood is to be 
drawn should also be well washed with soap and 
water and afterwards with alcohol. The first drop of 
blood that comes out after the finger has been pricked 
should be cleared awa}'’ as it seems to clot more 
quickly than blood that comes subsequently. It i.s 
better to catch the cover-glass with a pair of forceps 
and not touch either .=ilide or cover-glas.s with the 
fingers. 
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V^arious kinds of prickers may be used. An 
01‘dinary needle does very well, or for children a needle 
})a,ssed through a cork so that only the point projects, 
is very good. We have often used a pricker made 
Irom a piece of old clock spring. It can be easily 
sliarpened and be readily sterilized. It is of this 
shape : — 



h'Ki. 1 .— Diagram of puncturing Needle. 


Last 3'ear the Bumians made a small box for 
holding the articles that are required for taking speci- 
niens of blood. It contained the following articles : — 

Slides. 

A small box of cover-glasses. 

Pair of forceps. 

Hmall bottle of alcohol. 

Pricker. 

Piece of tape or line rubber tube. 

tSmall tube with vaseline and brush. 

If a })ic!ce ot tape or rubbei' tube be tied round 
the ting(!T', tbo prick is less painful, and the blood comes 
more easily. The fii'st drop of blood is taken away 
with tbo side of the pricker, and when the cover-glass 
lias been jiickcd up in the forceps, the ball of the 
finger is squeezed. As a dx“op of blood comes out, it 
is touched with the cover-glass as quickly as possible. 
The dro]) el' blood may form a clot on the glass and, if 
so, tlu^ specimen is useless, and another drop should he 
ta.k(m. If, however, everything is thoroughly clean, 
a, ml no time has been lost in putting the cover-glass 
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on the slide, the drop begins to spread out and the 
central part becomes almost clear. Hold it up to the 
light and notice the rainbow colours. 

Put a little vaseline round the edge of the cover- 
glass to keep the blood from drying up. Now, if it is 
necessary to carry the specimen away, it maj^ be diffi- 
cult. For carrying such slides we have had small 
eases made with flaps to grip the two ends of the 
slide, and with spaces for four slides. These have 
been found very useful. 



Fig. 2.— Diagram Showing Mode of taking Dry Si*ecimen. 



■SULARIAL PARASITEtS. 


i2(; 


For studying the parasites the wet film method 
has many advantages as we are able to watch the 
movements and changes of the parasites. But if we 
merely wish to make a diagnosis in any particular case, 
the dry film method is sometimes more convenient. 
No special care is required in regard' to cleaning the 
finger or the glasses. The finger is pricked, the slide 
is applied direct to the drop of blood, and the drop is 
spread out with a needle. Allow the needle to I'est 
on the drop of blood for three or four seconds, and 
you will see the blood running along the needle. 
Then draw the needle along the slide. In half a 
minute the film is dry, and it can easily be carried 
away for fixing and staining, as will be described later 
on. The diagram on previous page will illustrate this 
method. It was first described by Drs. Christophers 
and Stephens 

Advantages of taking a moist specimen : — 

{ 1 ) Less time is required. 

('2) The movements of the parasites can be 
watched. 

Advantages of the dry specknen : — 

I 1) No special precautions are required ; any- 
one can take a dry specimen. 

(2) It is more easily carried. 

(3) It may be kept for some hours or for days. 

Daily ^Routine. 

As a daily routine in practice the following method is recom- 
mended 

(1) Take dry slides on the moniiug round, write name on each 
slide. This can be done with a needle on the film. 
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(2) Put these in a bottle of alcohol on returning home. A 
wide-mouthed bottle four inches high, i,e., sufficient to cover the 
slides. It should have a well fitting stopper to prevent evaporation. 

(3) After ten minutes or longer take the slide out ; dry in air, 
put in a small dish (a photographer’s dish answers well). 

(4) You have ready prepared jmur stock solution and working 
solutions of Komanowsky stain 

(5) It is well also to keep two small graduated tubes and a 
small stand for the working solutions. 

(6) Having put required quantities of the two stains in these 
small tubes, pour the contents on the slide quickljq allowing the 
two solutions to fall on the film at the same moment, and not one 
after another. 

(7) Hand the dish to an assistant who will manreuvre it so 
that the stain comes equall}’' in contact with all parts of the slides. 

(8) After from ten minutes to half an hour remove the slides ; 
wash thoroughly in clean water ; dr}?- with filter paper and examine 
with oil immersion. 

Cautions 

(1) If the needle is not allowed to rest on the drop of blood for 
a second or two before it is drawn along the slide, you won’t get a 
good specimen. 

(2) If the needle is pressed too tight against the slide, the 
specimen will be too thin If you press too lightly, it may be too 
thick. 

(3) Keep your alcohol free from water ; don’t use rectified spirit 
instead of alcohol. 

(4) After remo\ing the slides from the alcohol, dry theTn in 
the air. When dried, wipe with a fine piece of muslin. 

(5) Occasionally filter your working solution of blue, 

(6) After staining, wash in water and, after drying, wipe again. 

(7) Remember that white corpuscles, blood plates and quartan 
parasites and Rosettes often lie at the edges or ends of the 
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THE ROMANOWSKY STAIN. 

The coloured pictures, given in the early part of 
this book, show the parasites as stained by eosine and 
methj^lene blue. Various strengths of eosine and 
blue have been recommended, but we have generally 
found that the w’eaker the solutions are the better. 
With eosine the red blood corpuscles are stained — a red 
colour, and the granules of the eosinophile cells are 
stained a still moi'e brilliant red or vermilion colour. 
The nuclei of the white blood cells stain a blue colour. 

The Roraauowsky stain is the one which is now 
most commonl}’ used. It is a combination of eosine 
and methylene blue, but by making the combination 
in a certain way and of a particular strength a third 
stain is developed which gives, what is called the 
chromatin of the parasites, a brilliant red colour. 
When beginning to use this stain it is necessary to 
understand that the parasites and blood cells present 
quite a different appearance from what they show 
after staining by the ordinary eosine and blue method. 
The red stain, it is said, comes from the methylene 
blue, and it is important to know that only a parti- 
cular kind of methylene blue is suitable. (Thi® is 
obtainable at Ball & Hobson’s, Umballa.) The 
process of staining is as follows : — 

The films are first fixed by immersing the slides 
for ten minutes in alcohol, and a covered wide- 



BENIGN TERTIAN PARASITES STAINED WITH 
EOSINB AND METHYLENE BLUB. 

PLATE V. 


The phjtmm repre 
sent the parasiteH wlitsn 
.staine<I with eoHino and 
methylene hluo nepa- 
ratcly, and consequently 
the chromatin is not 
soon. 

The rod shajxs of the 
pi^?ment ia more <liH- 
tiiKjtly s<>erj than in the 
unstained aimsiinen, 

Thia method of Htaiii» 
inj? is sohlom followed 
now, as the Homanowsky 
stain has l>cen suhatita- 
ted. It will he dcHcHh* 
od in Part 11. 
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PLATE IV. 



BBNIG-N TERTIAN PARASITES. 


PLATE IV. 

Ill the early ^tage there are young unpigmented ringh. The parasite is active! \ 
amoohoid, and nooii throws out arms in different diaections. The pigment granuloh, 
or tine rods, are more numerous in the enlarged on4s of these arms. This appear- 
ance is very characteristic of Benign Tertian B). The invaded corpuscles 

become large and }>ale--mc)re «> than is picture. 

The pigment is in tine rods and it appeals to be more scattered through tht' 
parasite than in Quartan. 

The Rosette form represeiiteil in (J is rather diagrammatic. The porfectli 
regular njsctte which is sc often found in Quartan is not so often found in Benign 
Tertian. 

The gametes or sexual forms are seen occasionally. It is not known if 
ppear at any definite stage of the attack as in MaliL>nant Tertian. 



QUAB-PAN and BBNiaN TBBTIAN PABASITBS 
STAIHBD WITH BOMANOWSKT. 

PLAT* X. 


A. Quartan para- 
site stained witli 
Romanowsky. The 
Ring form is not re- 
presented. 

B. Young Benign 
Tertian parasites. 
Two or three are some- 
times found in one 
corpuscle. There is 
sometimes one dot of 
chromatin and some- 
times there are two. 
The chromatin is 
usually on the circum- 
ference of the blue 
ring, but occasionally 
it appears in the middle 
of it.^ When a young 
parasite is entering 
the red blood cell the 
chromatin end is pro- 
bably the last to enter. 

C. Benign Tertian 
parasites, half grown. 
In the protoplasm of 
the invaded red blood 
cell, there are a 
number of red dots 
called Schutfner’s dots- 



MALIGNANT TERTIAN PARASITES STAINED WITH 
ROMANOWSKY 
PLATE XI. 


A 


A. Crescents and 
Ring forms, 

B. Female gamates 
(crescents), moist- 
chambered for five 
minutes. 

C. Male gamates 
(crescents), moist- 
chambered. 



EOMANOWSKY STAIN. 


120 


mouthed bottle is useful for this purpose. The stains 
are made up and kept in stock solutions, and the 
working solutions are kept in larger bottles. 

Stock Solutions. 

The stock solutions are made as follows : — 

I. Eosine B. A. 0.1 per cent watery solution. 

IT. Methylene blue (Medicinal pure) 1 part 
Carbonate of Soda (not bicarb.) 0'5 „ 

Water 100 ,, 

Working Solutions. 

One c. c. of each solution, diluted with 24 c. u. 
of distilled water, in separate bottles, i.e., 1 in 25. 

Method. 

Put three parts of the eosine in one glass, and two 
parts of the blue in another. Place the slides ( with 
films already fi.'ced i in a photographer’s dish. P(jur 
the two solutions on at the same time. Move the 
dish, as in photography, for ten minutes to half an Jiour. 

Many failures may be expected, but it is worth 
while persevering, for a properly stained sp)ecimen is 
very beautiful. The red blood corpuscles should stain 
salmon pink, but most often they will be a light 
greenish colour. The young parasites come out parti- 
cularly well, and the dots of red ( chromatin ) on the 
blue ring are very characteristic. The Quartan Ring 
form can scarcely be distinguished from the Malignant 
Tertian Ring, The Benign Tertian is generally larger 
and more irregular. Throughout the red blood cell 
into which a Benign Tertian parasite has entered we 
soon find what have been called Schuffner’s dots. 
These stain red, and they ar-e diagnostic of Benign 

B MF 1) 
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Tertian. Dr. Powell lias said that he found them in 
Malignant Tertian, but we have never seen them in 
any but Benign Tertian cases. It is not at pi’esent 
known what they are, but the change which takes 
place in a corpuscle after a Benign Tertian parasite 
has entered it, seems very curious. 

Some illustrations are given to show the ajipear- 
auce of the Malignant Tertian Grametes (crescents) 
after being moist-chambered. The moist-chambering' 
is done as follow’s : — 

Take a pane of glass and a piece of folded blotting 
paper ; cut rectangular holes in the blotting paper 
( f inch by 1 ^ inch). Moisten the blotting paper and 
put it on the glass ; take films of blood — dry method, — 
and invert these quickly over the holes in the w’et blot- 
ting paper. Allow to remain for five or ten minutes. 
Take the blood from a crescent ease during the 
fiagellar period. The flagella are given out, and they 
may be stained with B.omanowsky or with Carbol- 
fuchsine. 



CHAPTER IV. 

BLOOD PLATES AND BLOOD DUST. 

It is remarkable that until very recently little 
attention had been directed to the small particles 
which are found in the blood, and to wdiich the names 
Blood Plates and Blood Dust have been given. A 
Captain in the Indian Medical Service, writing to us 
recently, has given a very good description of the 
difficulties which he experienced in regard to these 
particles, and as the same difficulties may frequently 
present themselves to others, the following e.xtract 
is oiven from his letter : — 

have been a good deal puzzled by constantly finding 
small round and irregularly shaped bodies — sometimes looking 
almost like single cocci; sometimes two together like diplococci, 
sometimes in threes. The bodies are larger than the ordinary 
pigment granules of the parasite : sometimes the}’’ are smaller : 
some are motile : most of them have a jiggy movement like ordi- 
nary Brownian movement, and in addition to this a migratory 
movement. The bodies are not pigmented and often assume a 
delicate greenish tint. I am constantly noticing these bodies both 
in blood in which I find parasites and in non-parasitic blood, or 
rather in blood in which T do not find parasite^.^ 

We have recently received two of the latest 
b<.)oks on the blood, one by Coles and the other by 
DaCosta. Both these authors describe the blood 
plates, and DaCosta also describes what have been 
called Hajmoconia. Taking first the Blood Plates, 
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we find the following descriptii)n.s in the two books 
mentioned above ;• — 


COLES. 

Pale yellow 

lu freih blood examined quickly 
small round or o^’al b o d i e s 
about 2*32 mm. in diameter. 


In a few seconds they run toge- 
ther into grape-like clusters 
Ultimately very thin filaments are 
seen starting from their angu- 
lar projections : veinaikable foi* 
their adhesiveness 
Increased in number in aniemias 
unattended with fever ; dimi- 
nished in malarial fever. 

They are seen in fresh blood speci- 
mens made as quickly as pos- 
sible. 


DaCOSTA. 

Either almost colourless or pale 
\ellowish tint. 

1 to 3 or 4 mm. tend to adhere in 
racenmse masses at or near the 
radiating points of the fibrin 
network. 


See above. 


Increased in pernicious ancemia, 
severe secondary antemias ; dimi- 
nished in malarial fever. 


Exposure to the air causes them 
to disappear. 


Coles and DaCosta are here evidently describ- 
ing a very definite structure, and their descriptions 
tally in regard to the main points. We may briefly 
indicate how far our observations agree with those 
of the above writers — 

(1 ) Colour : clear and not at all yellow. 

(2) Size : the diameter is about ^ that of a red 
blood corpuscle. 

(3) Tendency to run together : Coles seems to 
think that they run together after the blood is drawn ; 
but in a dry film spread out at soon as possible with 
a needle, we have found them mure in groups than 
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sino’lv. As a rule, there are 8 or 10 small cells in 
each bunch, but we have seen as many as a hundred. 

(4) Adhesiveness ; Coles says they are most 
numerous where the blood first comes in contact with 
the slide, but in the needle film we have often found 
them most numerous at the end of the film, or at the 
margins — that is wherever the polynuclears are found. 
We have, however, sometimes found them most 
numerous at the beginning of the film. In blood 
which was allowed to stand for two minutes before 
preparing the film we have noticed more of the single 
cells than we have seen in other specimens. 

(5) Helation to fibrin. In the needle film no 
fibrin is seen, but in the moist film specules of 
fibrin are seen radiating out from the small bunch 
of cells. 

(6) Relation to anaemia. We have found them 
most numerous in eases of anaemia. In a specimen 
of blood taken from an extreme case of pernicious 
anaemia, on the day before death, we did not notice 
any special abundance. 

(7) Disappearance on exposure to the air. We 
have allowed blood to stand for 2 minutes, then made 
a film, and have not noticed any diminution in the 
numbers. 

(8) Staining. With Romanowsky, thej?- stain 
pink— a much deeper colour than the red blood cells, 
and sometimes the colour is nearly as deep as the 
magenta of the nuclei of the white blood cells. With 
Leishman’s modification of Romanowsky they stain 
of exactly the same colour as the nuclei. 

(9) Movement. These are not motile — not even 
amoeboid. 
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(10) We have found them most numerous ii 
non-malarial blood. 

(11) Their name. No more unsuitable name 
could have been given to these groups of cells than 
blood plates. They have no resemblance to a plate, 
and besides there are other things in the blood to 
which the name ‘ plate ' is more applicable. 

HiEMOCONIA OR BlOOD DusT. 

Coles does not appear to make any mention of 
what has been described as Blood Dust, but DaCosta 
gives a description of these cells under the term 
Hsemoconia — “ small colorless refractive bodies 1 m. m. 
in diameter, which possess active limited molecular 
motility, but not true amoeboid motion.” 

He further states that nothing is known of their 
histological character and significance beyond the 
fact that they are not concei-ned in the process of 
fibrin formation ; and ■ that they are not fatty bodies, 
and their occurrence in the blood carries no clinical 
significance. He mentions the names of three 
authors who regard them as granules of the neutro- 
phile and eosinophile leucocytes. 

Now we often do find granules of the leucocytes, 
and especially of the eosinophile cells, but these can 
be easily recognized either by staining, or by the 
presence of a broken eosinophile cell, not far away 
from these particles. These are, however, distinct 
from the small cells which are usually described as 
Blood Dust. It is probable that there are also free 
particles which are derived from the mononuclear and 
polynuclear cells. 
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All these various elements are certain to puzzle 
beo'iniiers, and some of them will perhaps be mistaken 
for malaria parasites free in the blood. It is imjxir- 
tant therefore to recognize them, and a beginner is 
advised to examine non-malarial blood as much as 
jDOssible so as to become familiar with these elements. 
We venture to put forward the following classitieation 
with some hesitation, for we feel that there is still 
much to be learned in regard to those elements that 
are seen in the blood, and which are not, or at least 
were not, described in the Physiology books a few 
years ago ; — 

I. Large irregular plates : many times larger 
than blood corpuscles : irregular in 
shape : non-granular. 

II. Cells that are often seen in groups ; quarter 
the size of red blood corpuscle : granular : 
pale : non -motile : adhesive : .speeulev 
of fibrin, radiate from them. 

III. The pear-shaped body ; non-granular : 

greenish tinge : ? motile. 

IV. IMinute cells : same colour as red blotxl 

cells ; ? motile (are these buds from the 
red cells ?) 

V. Granules of eosinophile cells ; dancin 
about : stain brilliant red : lie near 
broken eosinophile cell : uniform size. 

VI. Granules of poly and mononuclear cells. 


Ji OC. 



CHAPTER Y. 

PHAGOCYTOSIS IN MALARIA. 


There is probably no other disease hi which 
pbag’oeytosis can be so readily observed as it can be 
ill malaria. DaCosta in his recently published book 
on Clinical Haematology says : “ Osier has observed 
the pliacjocytosis o f ci-escentic forms, and the writer be- 
lie res he has observed the result of this phenomenon 
■i'll <i single iihstance” While studying the crescents 
wo have frequently put crescents under three miero- 
seope.s and watched them for hours. The phagocytes 
would never attack immature crescents, nor crescents 
(male) before they threw out flagella, but when the 
flagella were thrown out, the chances were in favour 
of the phagocyte coming down and surrounding the 
flagella body. 

From the large number of times that we have 
seen the phagocytes pass by crescents, without attack- 
ing them, we should be inclined to think that a 
phagocyte will never attack a crescent while it is still 
in the crescentic form. 

We may here consider what cells are likely to act 
as phagocytes. The cell which is most commonly 
phagocytic is the polymorphonuclear. In the un- 
.stained specimen these are often irregular in shape 
and move across the field by amoeboid movements. 
A projection of the sac or the protoplasm moves out, 
and the fine granules flow into this projection. We 
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were not certniii wlietliep tliGse cells were iiionoiiu- 
clears or polyinorphonuclears, for in the unstained 
blood it is difficult to distinguish these, hut by taking 
a ease in which there were lai'ge numbers of these 
phagocytes and then staining another specimen of the 
same blood we found, instead of the irregularly-shaped 
phagocytes, Numerous more or less round cells with 
the typically stained nucleus of the polymorphonu- 
clears. DaCosta states that “actual visual proof of 
the performance of this function by the mononuclears 
is wanting,” although they show evidence of having 
acted the role of plmgocytes. DaCosta states that 
the “mononuclears and polymorjohonuclears alone 
exercise this function in the regularly intermittent 
fever.” 

We have watched the eosinophile cells to see 
whether they ever act as phagocytes, and have before 
us a series of drawings showing a Quartan rosette 
broken up, an eosinophile cell approaching, and finally 
surrounding and ingesting the rosette. It is, however, 
very rare to find the eosinophile cells acting as 
phagocytes. Coles quotes Kanthack and Hardy as 
being of opinion that eosinophile cells are not phago- 
cytic, but we are convinced that their \-iew is not 
correct. 

We do not remember having seen an eo.sinophile 
attacking a flagella body. The common phagocyte 
will often pass by a broken rosette, but will rush to 
the attack when flagella begin to be thrown out. 



CHAPTER VI. 

EXPERIMENTAL INOCULATION OP MALARIA. 

Experiments on Quartan. 

Three men were bitten 36, 28, and 69 times by 
anopheles that had been fed 52, 59, and 145 times on 
Quartan cases. An interval of from two to three weeks 
elapsed between the first feeding and the feeding on 
the healthy individual. In no case did Quartan fever 
follow, and in none were any Quartan parasites found, 
although frequent searches were made. In only one 
case, however, were we certain that the sexual forms 
were present at the time the anopheles fed on the 
infected individual. 
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-The man wlio was liittfii by tliu infected niosqnitoi 
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Experiments on Benign Tertian. 

The Benign Tertian experiments are shown in 
the accompanying table. Of fom* cases experiment- 
ed on, three got Benign Tertian fevei', and had Benign 
Tertian parasites in the blood. In one, Malignant 
Tertian parasites were found. During the time that 
these experiments were being carried out, only one 
other Benign Tertian case was found, so that the 
fact that three out of four of those who were bitten 
got Benign Tertian fever, and that out of about 1,100 
men there was only one case of Benign Tertian, is 
fairly conclusive evidence that these men were infected 
by means of the mosquitoes. 
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Experiments on Malignant Tertian. 

We had no difficulty in finding' a case in which 
the sexual parasites were present, and therefore it 
was not difficult to get the anopheles infected. The 
dates, number of bites, &c., are shown in the accom- 
panying table. Of five men who were bitten all got 
fever, and in all but one the Malignant Tertian ]3ara- 
sites were found. The fever came 17 , 20 , 13 , 19 , and 
22 days after the men were bitten. Out of about 
1,100 men only one other was attacked by Malignant 
Tertian while the experiments were being carried out. 
There can then be no possibility of doubt that the 
mosquito carries malaria. 
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ExPERIMENr.S ON SpAREOWS. 

T]ie spaiTOw expenmeat,s were made in March 
and x^pril, and the increase in temperature may have 
influenced the development of the parasites. At any 
rate the parasites were found much earlier than they 
had been found in the experiments with human malaria. 
The proteosoina was found in one case on the 8th day 
and in one ease on the 9th. The proteosoma is more 
easily conveyed than the halteridium. Out of three 
cases, in none did we fail to convey the proteosoma, 
while out of two eases in one we failed to convey 
the halteridium. This is curious, when we consider 
that the sexual forms are nearh’' alw^ays present in 
the .sparrows afleeted with halteiidium. 



CHAPTER VII. 

THE CONVERSION OP A SCEPTIC. 

There is probably no more complete ease to prove 
that the anopheles carry Malaria than that of 
Hospital Assistant Joongey Lai. Joongey Lai is a 
Senior Hospital Assistant, who has served the Govern- 
inent faithfully and well for many yeans, and who 
shortly expects to take his pension and retire. He 
has been watching with considerable interest the 
investigations that have been carried on in Nagpur in 
regard to Malaria, but the idea that the Malaria 
parasites are carried by mosquitoes sounded too alosurd 
and ridiculous for a man of his. long experience, to 
believe. 

Wavering. 

He watched the dissections of mosquitoes that 
were made daily, and he saw that those which had 
been fed on Malaria cases presented certain differences 
from those which had not been fed on such cases. 
He had seen the little things that attach themselves 
to the wall of the mosquitoes ’ stomach (zygotes), and 
he had seen how day by day these grew- larger : how 
they got outside the stomach wall ; how after the 10th 
day a sort of fringe formed round these ; and then a 
day or two later certain small bodies called sporozoites 
were found in the glands of the mosquito. He had 
seen many mosquitoes dissected, but in only those 
which had had an opportunity of feeding on Malaria 


B MP 
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blood were these sporozoites found. He began ro 
think there might be something in it after all ; but he 
had seen several experiments made with a view to 
testing the truth of the mosquito-malarial theory, 
and he had seen many failures ; and here a word may 
be said about one eau.se of failure. When disseetins’ 

O 

raoscjuitoes in the past cold weather ive found zygotes 
frequently, but sporozoites we could not find at all 
until after we had tried the effect of keeping the 
mosquitoes in an incubator at a temperature of 80 F. 
The effect was marvellous — the zygotes grew bigger, 
and sporozoites were found in numbers. Therefirre 
temperature plays an important part in the develop- 
ment of the parasites in the mosquito. 

Well, the Babu saw all this, and he began to 
think that after all there might be something in it, 
and one day he said, ‘‘Give me fever and then I’ll 
believe.” What kind would you like, we said, and his 
reply was “ Benign Tertian.” 

The case prom which the Mosquitoes were Infected. 

Here a slight digression may be made in order 
to say a few words about the case of Benign Tertian 
from which the mosquitoes were infected, because it 
was a case that many of the Members of the recent 
Malaria Conference had examined. On the morning 
of the 8th of January there was scarcely a parcLsite 
to lie seen in any of the cases that were then in 
Hospital, but many of the Members of the Conference 
will remember that a man came to Hospital about the 
middle of the day, and that in his blood many parasites 
were found. Some of the parasites were giving out 
flagella, that is, they were in a suitable condition for 
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infecting mosquitoes. Many anophele.-^ were allowed 
to feed on this man, and several of i.Iiese have been 
dissected since. Zygotes and sporozoires were found 
in due course, and when the sporozoites began to 
appear, Joongey Lai allowed the mosquitoes to bite 
him. He was bitten on the 21st, 22nd, 24th and 
25th of January. It should be explained that his 
blood had been carefully examined before he was 
bitten and that no parasites were found. He was 
told that he would probably get fever between the 
1 5th and ‘20th day after he had been bitten. 

The Babu convinced. 

On the 14th clay (3rd February) he felt a, little 
uncomfortable and his temperature was 99. One 
parasite was found after a long .search. On the 1 (Ith 
day his temperature went over 104 and four parasite.s 
were found in 10 minutes. He saw these parasites 
himself, and as he is thoroughly familiar with the 
appearance of a Benign Tertian parasite, which cannot 
be mistaken for anything else, he was no longer a 
Sceptic, but a firm believer in tYie fact that mosquitoes 
carry the Malaria parasites. 

Other experiments had been made and with 
similar results ; but as there is more joy over one 
sinner that repenteth than over the ninety-and-nine 
who need no repentance, so it may perhaps have been 
excusable on the part of the Burmans who nursed the 
mosquitoe.s to rejoice ov’er the conversion of the 
sceptical Babu. 

It may be noted that the Miembers of the Royal 
Society’s Commission .saw the jjarasites both in the 
ease from Avhich the mosquitoes were infected and in 
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tlie Wood of Joougey Lai, and that tliey also dissected 
several of the mosquitoes which were fed on the fii'st 
case. Joongey Lai refused to take quinine and allowed 
the parasites to have their own way for five days. 
His temperature went up over 104 on two occasions, 
and their being convinced beyond all possible doubt he 
took quinine, and stopped the fever. 

One intere.sting point about this case may here 
be mentioned. A few da^^s before the Babu got fever, 
Ko Tha Aung was asked whether he thought Joongey 
lari would get fever. His reply was, “ Undoubtedly, 
for all the mosquitoes from tire batch that were 
allowed to bite Jt>ongey Lai showed zygotes in the 
stomach or sjrorozoites in the glands.” 

We have a number of specimens mounted 
showing the parasites in the case on which the mos- 
quitoes first fed the zygotes in the stomachs, the 
sporozoites in the glands and tire parasites in Joongey 
Lai’s blood. 



CHAPTER VIII. 


COLLECTING AND FEEDING MOSQUITOES. 

Mosquitoes for experimental purposes may be 
either bred from the larvae, or be caught in a test 
tube after they have fully dev'eloped. The larvae 
brought from the breeding pools may be sorted out 
and put in glasses or in bottles from which the tops 
have been removed. The bottles are much cheaper, 
and a very simple method of removing the up[)er part 
of the bottles may be described here. 

Two strings are tied round the upper part of the bottle, 
leaving an interval of J inch between them ; a third string is 
passed round between these two, and by drawing the ends of this 
string with a sawing motion the glass becomes lieated. When the 
glass is hot throw water on it, and the top drops off. Make a 
cover for the bottle with mosquito curtain stretched on a thin i-ing 
of wood. 

The larvpe and nymphas can be kept in these i)i ittlcs. 
When the mosquitoes develop they can be easily 
removed by taking two pieces of thick paper, raising 
the cap and gradually inserting the two pieces of 
paper between the cap and the bottle, then removing 
the upper piece of paper with the cap. If we wish to 
kill the mosquitoes a drop of chloroform is allowed to 
fall through the mosquito netting on to the paper 
below, and the cap is covered for half a minute by the 
hand or another piece of paper. Chloroform vapour 
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or tobacco smoke kills the mosquitoes in less than 
a minute. 

For experimental feeding of mosquitoes the 
individual who is to be bitten puts his forearm, which 
may be previously moistened with water, over the 
mosquito curtain cap. The mosquitoes bite most 
readily iust after sundown. 



CHAPTER IX. 

DISSECTIONS OP MOSQUITOES. 

Foli dissecting uio.squitoes tiie following articles 
are required : — 

(1) A pair oP tine forceps. 

(2) Two mounted needles — or long ordinary triangular sur- 

gical needles. 

(3) ^^ormal salt solution -7 per cent. 

(4) A black and white board. 

(5) A low power lens. 

For our purposes only two dissections ar'e re- 
quired-one to expo.se the stomach and the other to 
expose the poison glands. The dissection to expose 
the stomach is eas}’, but before attempting to dissect 
a mosquito, it is well to starve it for two days so that 
the stcmach may be empty, for it would not be easy 
to see the zygotes in a stomach which is full of blood. 
To expose the stomach : first remove legs and wings ; 
fix the thorax Avith one needle ; make a notch with 
the other needle on either side of the second last seg- 
ment ; draw the. tail end slowly and gently from the 
rest of the body. The ovaries, five malpighian tubes, 
and the stomach are drawn out. Separate the ovaries 
and malpighian tubes. The stomach may be tyained 
with methylene blue ; carbol fuchsine will give some 
very pretty specimens, in which the muscular net- 
work comes out veiy clearly. 
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The method of dissecting out the glands which 
is usually described is rather difficult, but Ko Tha 
Aung found the following method very easy ; Fix 
the thorax with one needle and put the other on the 
head, close to the eyes. Gently draw the head away 
from the thorax, and (N. B.) slightly forward. The 
glands come away with the head. Examine under a 
third power, and then separate the glands from the 
head with the cuttino- edare of the needle. Put on a 

o o 

cover-glass and squeeze gently. Sporozoites if present 
will be seen under a high power (Wh). 

It is adidsable to keei') the mosquitoes in saline 
solution after they have been killed and before dis- 
section. 

Zygotks IX 'j'HE Stomach. 

The parasite as seen attached to the stomach 
wall is called a zygote. It is the female malaria 
parasite after fertilization by the male. At first it 
is about the size of a blood corpuscle, and it is recog- 
nised by the presence of the pigment granules in it. 
If a number of mosquitoes are fed on a malaria ease 
when the sexual forms are ripe and if one or two 
mosquitoes are dissected daily, it will be found that 
these zygotes are gradually getting larger, and the 
pigment gradually disappears. About the 6th or 7th 
day the zygotes show signs of division into parts or 
what have been called “ meres. ” 

The zygotes gradually work their way out 
through the walls of the stomach, and under a low 
power (-|rd) they can be seen as little knobs along the 
margins of the stomach. 

A few days later a sort of frill is seen round the 
zygote. This frill is composed of enormous numbers 
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Malignant Tertian 
Sporozoites. 
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of small spindle-shaped bodies. These are called 
sporozoites. They make their way up into the poison 
glands of the mosquito, and there remain until the 
mosquito has an opportunity of transferring them 
into their new host. 


Sporozoites. 

We have dissected manj? mosquitoes that had 
been bred from larva in captivity, but we have never 
found sporozoites in any of these mosquitoes which 
had not been fed on Malaria Idood. How the sporo- 
zoites make their way from the stomach, whether by 
burrowing through the tissues, or by the blood vessels, 
we are not certain as we have not made section.^ of 
the mosquitoes, but about the 10th or 12th day the 
sporozoites will be found in the glands. In Culex 
which were fed on sparrows in the hot weather we 
have found the sporozoites in the glands twice on 
the 8th day and once on the 9th day. Probably tem- 
perature has some influence on the rapidity of develop- 
ment. 

The sporozoites are curved spindles— that is, they 
are spindle-shaped but with a slight curve. But how 
do you know that these are in any way related to 
the parasites ? This is a question that has often 
been asked. We have already traced the parasite 
into the mosquitoes’ stomach, explained its growth, 
how it penetrates the stomach wall, how it divides, 
how the small spindles break away from it, and how 
these are afterwards found in the glands. But when 
we come to trace them beyond that we find there is a 
break. In manj^ experimental eases the blood has 
been examined daily, after the infected mosquitoes 
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have been allowed to bite, but for the first ten or twelve 
days, we have nut been able to find any trace of the 
sporozoites in the blood. But if any one doubts the 
connexion between these sporozoites and the parasites, 
let him stain the parasites with Romanowskj-'s stain and 
compare the stained sporozoites with young parasites 
in the blood. In the centre of the sporozoites there 
is a small bit of eliroinatin which stains a brilliant 
red, and the remaining ])art stains blue. The young 
parasite when seen in tlie blood has got into the ring 
form, but it:> red and its blue indicate a strong resem- 
blance between the sporozoite and the young parasite. 
Ko Tha Aung noti('ed tliat the chromatin in the 
Benigii Tertian is largei* in amount than in the 
]\[ align ant Tertian, 

In the following tables are shown the results of 
dissection of mosquitoes that were fed on Quartan, 
Benign Tertian and Malignant Tertian Cases. The 
details regarding tlie dissections were entered in a 
register which sho’ws the following particulars : — 

(1 ) Date when dissected. 

(2) Date when mosquitoes fed on A (the ease 

with Malaria . 

(3) Number of days between feeding and 

dissection. 

(4) Kind of anupliele,s. 

( 5) Caught ill village or bred. 

(6) ¥ed on what kind of fever case. 

(7) Were flagella found at the time of feeding. 

(8) Result of dis.seetion (a) in stomach, 

(6) in glands. 

(9) Dates kept in incubator. 

(10) Did mosquito die. 
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(11) Were mosquitoes of the same batch al- 
lowed to bite a healthy man. 

It will not be possible to give all details that are 
entered in this register, but abstracts have been 
pi-epaied which show the results of the dissections' 
of the difterent kinds of anopheles that were fed on 
the three kinds of Malarial fever ca.ses. 


DISSECTION OF MOSQUITOES THAT WERE FED ON 
QUARTAN CASE.S. 
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Baritirostri> 1 
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Total 
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From this table it will be seen that out of a 
total of 89 anopheles dissected, zygotes were found 
in the stomachs of only 15 and sporozoites were 
found in the glands of only two. Now it will be 
shown that the percentage of infected mosquitoes 
is much higher in the case of mosquitoes that are 
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fed on blood containing eitlier of the Tertian parasites. 
There are several factors which tend to make the 
percentage in the Qnartan experiments very low. 
In the first place, it is very difficult to find a Quartan 
parasite giving out flagella — that is, it is difficult to 
find the parasites sexually ripe, A larger number of 
the mosquitoes used in the.se Quartan experiments 
were allowed to feed on blood in which the sexual 
forms were not found. There were at least 30 under 
this heading, and no zygotes or sporozoites were found 
in these. 


DISSBOTIOX OF MOSQUITOK.S WHICH WERE FED 
ON BENIGN TERTIAN OASES. 


Name ok Mo'iQItito. 


Stomach. 



Glands. 
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Zygotes found in. 

Percentage in which 
zygotes found. 

Contained blood, or for 
some reason, could not 
be examined. 

Glands successfully 
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19 

12 
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Turkhiicli 
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Batbirostn.s 
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0 

4 
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0 

0 

Total 

m 

10 


17 

77 
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Let US look at the number of mosquitoes that 
were fed on Quartan cases at a time when the sexual 
forms were ripe, and we find that in twelve such, zygotes 
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were found in the stomachs while nine were blank. In 
only two did the sporozoites find their way into the 
glands. The comparative rarity of Quartan infection 
in this part of the country is partly due to the rare 
occurrence of the sexual forms and probably also 
to the diflficulty of development in the anopheles. 
Dr. Christophers has found Quartan fever very com- 
mon in the Duars ; it will be important to enquire 
whether the Quartan sexual forms are more often 
seen there, or whether the mosquitoes found there 
are of a different species. 

The species in which sporozoites were found 
were Fuliginosus andJ^Stephensi. 

In the anopheles, fed on Benign Tertian eases we- 
found zygotes in 40 out of 66 stomachs, but 17 dissec- 
tions were failures. It might be taken as a practical 
certainty that if a. Culicifaeies, a. Stephensi, or a. 
Fuliginosus is fed on blood containing Benign Tertian 
parasites, when flagella can be seen, the zygotes can. 
be found in the stomach. In the Rossii zygotes- 
were found in only 50 per cent., and thereby hangs 
an interesting tale. Stephens and Christophers had 
noticed that Rossii were found in abundance in many 
places, i.e., Calcutta, where malaria cases were not 
prevalent. Ko Tha Aung found zygotes in Rossii. 
and Dr. Christophers also found zygotes in Rossii,. 
Later on Ko Tha Aung found sporozoites in one 
Rossii, but in the great majority of Rossii sporozoites 
could not be found. No doubt then the Rossii are 
very bad carriers of malaria. This is fortunate, for 
in Nagpur we found Rossii very abundant in the hot 
weather months^ long after the other anopheles had 
become rare. 
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DISSECTION OP MOSQUITOES WHICH WERE FED ON 
MALIGNANT TERTIAN OASES. 


Name of Mosquito. 


Stomach. 


1 

G-lands. 


Stomachs successfully 
dissected. 

Zygotes found in. 

Percentage in which 
zygotes found. 

Contained blood, or 
for some reason could 
nut be examined. 
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Sporozoites found in. 

Peicentage in which 
sporozoites found. 

Glands lost or spoiled 
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In the Malignant Tertian experiments the results 
are very similar to those in the Benign Tertian. The 
percentage of infection i.i, however, higher 90, 85, 
and 82 instead of 63, 80, and 50, but we were able to 
feed the mosquitoes on cases which we knew con- 
tained the ripe sexual forms in the blood Here, 
again, the Rossii shewed themselves bad carriers, 
and in only one out of twelve were the sporozoites 
found in the glands. Sporozoites were, however, 
found in anothei' after the above table was prepared. 



CHAPTER X. 

THE EGGS OP ANOPHELES. 

Ihe rGad.6r who is eoncGriiGcl with the purely 
practical part of the subject of Malaria will not 
perhaps find much important matter in this Chapter : 
to those who are interested in the natural history of 
the subject the study of the eggs cannot fail to be 
attractive. The eggs of the anopheles are laid sepa- 
rately, and this gives at once a method (jf disting-uishing 
them from all kinds of eulex eggs. They are seen as 
tiny black specks on the surface of the water. They 
may be collected by drawing a piece of paper along 
the surface of the water. For examination we usually 
obtained them by putting a piece of whetted paper 
in the inverted wide -mouthed bottles in which the 
mosquitoes were kept. The paper was placed on a 
thin piece of cork which was floated on water. The 
anopheles laid their eggs on the paper. 

If we examine the egg of a Rossii with a low 
power (a third) we see an appendage on either side 
which is called the float, and as we screw the micros- 
cope down we see the frill, which in the egg of Rossii 
goes almost completely round the egg. 

The eggs of one species differ from those of 
another species, and from an examination of the egg 
it is in most cases easy to tell to what species an egg 
belongs. The photograph is taken from drawings 
that were made with the aid of the camera lucida by 
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the Burmans. Mieropliutographs were taken of groups 
of eggs of most of the species, and the drawings 
were corrected so that they give a very fair idea 
of the appearance of an egg as seen under a low 
power. 

The eggs of the eight species which are shown in 
the photograph are arranged in a series according to 
the size and appearance of the frill, which in the 
Kossii (at the top of the photo.) completely surrounds 
the eo-o-, and in the Turkhudi (at the bottom) has almost 
disappeared. Notice how the frills in the Fuliginosus. 
Jamesii and Stephens! nearly meet in the middle. 
Further down the middle parts of the frill have dis- 
appeared — in the Theobaldi, iind as already pointed out 
we see the mere remnant in the egg of the Turkhudi — 
that anopheles which is a sort of connecting link wdth 
the culex group of mosquitoes. 

When reading the following brief descriptions 
please refer to the photograph. 

(1) The egg of the Rossii is large and has a wide 
surface ; the frill goes round the egg, excepting a little 
bit at either end ; the floats are very large. 

(2) The egg of the Barbirostris is rather like 
that of the Rossii, but when turned on its side, it shows 
turned up points at the ends. 

( 3) The egg of the Fuliginosus has also a wide 
siu-face, but the frill does not extend quite round the 
egg. There is an interruption at the place where the 
floats come. 

i 4) The egg of the Jamesii is very much like 
that of the Fuliginosus. 

(5) In the Stephens! egg the floats almost meet 
in the centre. 
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the Burmans. Mierophotographs were taken of 
of eggs of most of the species, and the 
were corrected so that they give a very fai^* 
of the appearance of an egg as seen under 
power. 

The eggs of the eight species which are sh<^''^^’‘ 
the photograph are arranged in a senes accord ^ 

the size and appearance of the frill, which 
Kossii (at the top of the photo ) completely 
the egg. and m the Turkhudi (at the bottom) has a-l^nnosfc 
disappeared. Notice how the frills in the Fuligix^<^’®’^®‘ 
Jamesii and Stephensi nearly meet m the rnicldle. 
Further down the middle parts of the frill hav © dis- 
appeared — in the Theobaldi, and as already point-© d out 
we see the mere remnant in the egg of the Turkh ixcli 
that anopheles which is a sort of connecting linl^ •with 
It the culex group of mosquitoes. 

When reading the following brief descriF^tiions. 
please refer to the photograph 

(l) The egg of the Bossii is large and has a, wide 
surface , the frill goes round the egg, excepting £t little 
bit at either end ; the floats are very large. 

(21 The egg of the Barbirostris is rathex* like 
that of the Kossii, but when turned on its side, it sliO'WS 
turned up points at the ends. 

( 3) The egg of the Fuliginosus has also a -wide 
surface, but the frill does not extend quite routxd. the 
egg There is an interruption at the place whez*© the 
floats come 

(4) The egg of the Jamesii is very muett like 
that of the Fuliginosus 

(5) In the Stephensi egg' the floats almost meet 
in the centre. 




AXOPHELBS’ EGGS AND LARV.® 


Serifs of Eogs 



Fig 3. Theobaldi 


IN WATER 




Fig T) CTtlex 


Fig (i Anopheles 




Fig 7 Tukkhudi. 



Fig. 8 Three Specie& . 

BARBiaOSTRfo, TCRKH0DI. RObbll. 


EGGS OF ANOPHELES. 


The first three pictures are mierophotographs of eggs taken 
under a third power microscope. The difference in colour is 
partly due to a difference in the lighting. The Rossii egg was 
taken more under transmitted light : the Culicifacies egg more 
under reflected light. 

Fig. 1-Egg of Rossii : the float and fringe do not come 
well into focus together at the same time, but the egg on the 
top shows the frill though indistinctly. 

Fig. 2 — The eggs of Culicifacies : notice the frill forming 
two almost parallel lines. 

Fig, 3 — The eggs of Theobald! : there was not quite enough 
reflected light to show up the great beauty of these eggs. 

Fig. 4 — This picture is a photograph of drawings of eggs. 
They are arranged in a series to show the frill going round 
the whole egg ; the frill closing in towards the centre of the 
egg : the frill forming two separate ovals at either end of the 
egg (Theobaldi) ; and the mere remnant of the frill in the 
Turkhudi. Note that the float is absent in the Turkhudi. 


1. — Rossii. 

2. — Barbirostris. 

3. — Fuliginosis. 

4. — Jamesii (true). 


5. — Stephensi. 

6. — Culicifacies, 

7. — Theobaldi. 

8. —Turkhudi. 


LARViE. 

On the left are : — 

Fig. 5 — A group of Gulex larvae in a glass box. 

Fig. 6 — A group of Anopheles in a glass box. The two 
sheets of glass in the box are close together ; hence the surface 
of the water is somewhat irregular. 

Fig. 7 — Turkhudi in a glass box. 

Fig. 8 — The photo on the right shows three groups of larvae : 
they were iu egg cups and the photo was taken from above. The 
largest larvae are Barbirostris and the pretty markings on the 
back are very well shown. Below these is a group of Rossii. 
Note how these two get on parade around the side of the egg cup. 
On the right are the Turkhudi scattered irregularly about. 
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(()) In the Oulicifacies egg the frill runs along 
the whole length of the body. 

( 7 ) The egg of the Theobaldi is a very distinc- 
tive one and is remarkable for its great beauty The 
trill is divided into two })arts, each of which forms an 
oval on either end. 

(8) The Turkhudi egg is the last of the .series. 
In it there is a rudimentary frill at one end. This 
egg sinks in water toi‘ it has no float. 

W c were not able to obtain the eggs of Listoiiifor 
they would not lay in captivity. The Barbirostris 
.also would not lay, but by a Tnodified Caesarean section 
we wore able to obtain a few eggs. 



CHAPTER XL 


ANOPHELES LAHV^. 

SOME NOTES ON THE]®, MtOROSOOPIC CHARACTERS. 

During the visit of the Royal Society’s Com- 
mission to Nagpur and during the Malaria Conference 
which met at Nagpur early in 1902. a good deal of 
attention wa.s given to the microscopical characters 
of the different kind.s of anopheles larvse. We are 
indebted especially to Di. Christophers, Captain 
James, i.ii.s.. and Captain Glen Liston for a good deal 
of the information which is contained in this chapter. 
Ko Tha Aung and some other Burmans have, however, 
been working at the differential characters since, and 
have prepared from photographs and camera lucida 
drawings most of the illustrations which are given 
below. 

A larva, which to the naked eye does not appear 
to be an object of any very special interest, becomes 
at once an object of the greatest interest when looked 
at through a low power microscope, and this interest 
is much increased when we • compare the larvae of 
different species. The accompanying drawing show.s 
a larva of one of the anopheles — Barbirostris. The 
first thing that strikes us when looking at the head 
is a number of hairs, many of which are branched. 
Most of these project forwards, and if nature had 
ever intended that the motion of the larva through 
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the water should be with its head foremost, the 
arraugeraent of these hairs would have been a source 
of great inconvenience. But it is well known that 
the larva moves through the water witli its tail in 
the direction in wdiich it is going. 

At the front of the head there are two ljuuches 
of hairs, one on either side, forming what are called 
the feeding brushes and, as w'e watch the larva in the 
water, we see that these are in almost constant motion 
apparently drawing into its mouth the particles of 
food on which it subsists. These feeding brushes in 
most of the larvae project forwards, but in one species 
(Turkhudi) they are placed transversely. It will be 
shown later on that this species which is called after 
a Native gentleman in Bombay, who has made some 
very beautiful drawdngs of mosquitoes for Captain 
Glen-Liston, not only has the brush placed trans- 
versely but that unlike other anopheles larvae it has 
a black tip to its proboscis, and it often hangs in the 
water with its head down, a position that no other 
anopheles larva takes. 

Frontal Hairs. 

The ne.vt point that attracts our attention is the 
frontal hairs. These are four hairs that project for- 
wards from the front of the head — two on either side. 
When looking for these take care that the hairs which 
project forward from the thorax are not mistaken for 
the frontal hairs. The two hairs nearer the middle line 
are called the central frontal hairs and the other two, 
the side frontal hairs. These hairs vary considerably 
in the different species, and an examination of them 
helps us to di-stinguish one species from another. The 
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various arraugements may be represented by the 
following four diagrams : — 




(1) Both liairs simple and 
un branched. This is the ar- 
rangement found in Culicifa- 
cies, Listoni, Rossii, Stepheusi 
and Turkhudi. In Theobald! 
the side hairs appear to be 
uiibranehed under the low 
power, but under a high power 
they are seen to be slightly 
branching. 


{' 2 ) In the true Jauiesii 
both hairs are equally branched. 



(?)) In the Fuliginosus the 
central hairs are branched, but 
the side hairs are more like a 
palm leaf 



( 4 ) In the Barbiro.stris the 
central hairs are unbranched, 
but the side hairs are large and 
form what has been called a 
cockade. 


Fiii. 6. 
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The anteniise or combs ai’e the next 
point to which attention may be direct- 
ed. They spring from the side of the 
head ; their inner sides are slightly 
serrated, and at the ends they are 
divided into pointed processes. A 
branched hair springs from the end 
of the comb. 




The Barbirostris, which we have seen 
above to have an elaborate ornament 
in tlie shape of a cockade instead 
of the side hair, which is seen in most 
species, has also a branched hair on the 
inner side of the comb : 



On the sides of the thorax there are 
some branched hairs which are set on 
the tops of projecting papillae. These 
differ in size in the different species, 
and curiously they are largest in one of 
the smallest of the larvae, the Culieifa- 
oies, while they are smallest in one of 
the larger of the larvae, the Rossii. In 
Jamesii, Fuliginosus, Listoni and Theo- 
baldi they are moderately large, while 
in Stephensi, Turkhudi and Barbiros- 
tris they are small. 
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Fia. 11.— Thorax of Rossii. Hair.s. 


The so-called palmate hairs might have received 
a more suitable name, for they are not in the least 
like hairs. They are like miniature leaves of a certain 
kind of palm tree and are attached, one on either 
side of each segment of the larva. These apparently 
are for the purpose of keeping the larva floating. 
This view is borne out by the fact that the Turkhudi 
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which hangs with its head down, has no pidiaate hairs 
on the first three segments, and also by the fact that 
the Culex, which hangs more nearly vertical than the 
Turkhudi, has no palmate hairs. 


The illustration is a dia- 
grammatic representation of the 
palmate hairs on segments. 


PaL-Matk Hairs. 

These palmate hairs vary considerably in the 
different species, and they may be useful in helping 
us to distinguish one species from another. 

In examining these hairs the points to be looked 
at are (a) the blade, (b) the point, (c) the shoulder, 
(d) the .serrations on the point. 

(a) The blade. The number of blades varies 
not only in the different species, but 
also in the palmate hairs on the dif- 
ferent segments. The blades in some 
are narrow, while in others they are 
broad : in some they are shaded dark, 
while in others they appear to be_ 
almost transparent. 




ANOVHELKS EAKV.E. 


J -'.H 


(d) The point, lii some the jjoiut is long, 
while in othefs it is short : in some it 
is sharp, while in others it is blunt. 

(r) The Khoulder. In some the blade tapers 
into the point, while in others the blade 
ends more or less abruptly forming a 
shoulder, where the leaf joins the point. 
[d) Serrntiou,'<. In the Barbirostris the 
point is serrated. 

The illustrations below were taken from draw- 
inos which were made by Ko Tha Aung with the 
aid of the camera lucida. The first five have long- 
blades and long points. Then comes one with a Ictng 
blade and short point. Then follow thc»se with short 
blades and short points. 

Diagrammatic representation or PALM.vrE Hair 
Leaves op dipferent Species. 

Barbirostris : the larg- 
est palmate hair : point sei-- 
rated. 

Bossii : long narrow 
blade and long point. 

Culicifacies ; shoulder 
serrated. 

Listoni : blade shaded : 
long thin point. 

Puliginosus : broad 
blade : point sometimes 
long, sometimes short. 



.j*" 

Fi<;. 14. 



Fiii. 17. 
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8te})hensi: long* blade, 
tihort 23oint. 

Jainesii : short blade 
and short point 

Theohaldi : short blade, 
sliort point. 

Turkhudi : short blade, 
point blunt. 

The table (overleaf), which gives a suinnmry of 
the main points, has been prepared by Ko Tha Aung. 

It should be noted that in three species, Barbiros- 
tris, lastoni, and Culicifacies, there are palmate hairs 
on the thorax ; also the palmate hairs on the first 
segment are different from those on the other seg- 
uients and they do not show the typical markings. 

The photographs in Plate II will help the 
reader to get a clearer idea of some of the points 
mentioned in this Chapter. In Plate I, Figures 5, 6, 7, 
show larvae of culex, anopheles, and Turkhudi in 
water. The first two are nearly of the natural size, 
but the Turkhudi is about half the natural size. Note 
how the culex hang obliquely under the surface of the 
water and note the long breathing tube at the tail 
end. Tlie anopheles lie almost horizontally under the 
surface. The Turkhudi takes up an iirtermediate 
position. 

In Plate I, Fig. 8, are shown some anopheles larvm 
in egg cups and viewed from above. They are about 
two-thirds of the natural size. The large ones prettily 
marked are Barhirostris. Below these are some 



Fl.i. IS. 


cr: > 


h'ja. 19. 



Vui 21. 



Frontal Hairs, Palmate Hairs. 
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Rossii, and on the right are few a Turkhudi and it will 
be noticed that they do not take up a regular position, 
on parade, around the side of the vessel, like all other 
anopheles. They often hang with their heads down, 
and consequently in the photograpli tliey appear 
more or less as a blur. 

Plate II, Fios, 9, 10, 11, Heads of Larwe (micro- 
photos ) Barbirostkis, Puliginosus and Tcrkhudi. 

The feeding brushes . — The feeding brushes are seen 
in Puliginosus and Turkhudi. Notice the ti’ansverse 
position in the Turkhudi. The feeding brush in the 
Barbirostris happens to have been moved down at 
the time the photo was taken, and is consequently 
not seen. The frontal hairs are well seen in the 
Barbirostris. Notice the unbranehed central hairs 
lying close together and the large cockades at either 
side. The central frontal hairs are well seen in the 
Puliscinosus, but the slio-htly coekaded side frontal 
hairs can scarcely be seen as the\^ lie over the feeding' 
brush. 

Plate II, Pig. 12, Photos of di’awing’s of live 
heads. The feeding brush is represented in outline 
in all but the Turkhudi. 

Plate II, Pig. 13, Photo of dr'a wings of the pal- 
mate hairs arranged in a series to show the gradual 
transition from the large palmate hair of Barbirostri-s 
to the diminutive one of Turkhudi. 



PLATE II. 


HRA0S OP ANOPHELES LARVJ5. 



HEADS OF ANOPHELES LARVAE. 


9 Microphotograph of the head of a Barbirostris larva 

showmen well the lateral frontal hairs or cockade : also showing 
the branching hair on the comb. 

10— Microphotograph of the head of Fuliginosiis larva 
-bowing the brush and the central and lateral frontal hairs. 

Fig. 11— Microidiotograph of the head of a Tiirkhudi larva 
shoving the transverse position of the feeding brash. 

12— Photograph of drawings of the heads of five 
ditferent kinds of larv?e. The drawings were made with the aid 
of the C’amera Lucida, but they are semi-diagrammatic. The 
feeding brush is shown in outline except in the case of No. 3 — 
the Turkhudi. 

(1) — A. Stephensi : four frontal hairs are simple. The centre 
space darker and larger. 

(^2) — A. Fuliginosus : central frontal hairs branched, lateral 
frontal hairs cockaded. 

(3) — A. Turkhudi. Note the horizontal feeding brush. 

(4) — A. Listoni : simple frontal hairs. It has a long and 
thick ""crack^' line extending nearly to the comb. 

(5) — A. Culicitacies : frontal hair simple, the centre space 
very small and light. 

PALMATE HAIRS. 


Fig. 13— Photographs of drawings of the palmate hairs. 
They are arranged in a series beginning with the large palmate 
hairs of Barbirostris and ending with the diminutive palmate hairs 
of Turkhudi. 


1. — Barbirostris 

2. — Rossii. 

3. — Listoni. 

4. — Culicifacies. 


6. — Stephensi. 

7. — Theobaldi. 

8. — Jamesii (true). 

9. — Turkhudi. 


5. — Fuliginosus. 

Fig. 14 — A microphotograph of part of the body of a larva 
of Barbirostris showing two palmate hairs and part of three 
segments of the body. 

Fig. 15 — Microphotograph of a filaria found in some ano- 
pheles larvse in Nagpur. 



CHAPTER XII. 

MISCELLANBOUS NOTES ON LARV.® AND NYMPHiB. 

( ((ppeLtrunrr,) 

We have heard it said men who have devoted 
much time to the study of mosquitoes and their larva;, 
that it is not possible to di.stinguish the larva of one 
species from another by the naked eye. The men we 
have assisting- us are able at present to separate out 
the larvse of the ditferent species with considerable 
accuracy. If you have. before you a series of glasses 
containing about .^0 of each species of larvae, you will 
at once see that there are considerable difterenees 
between tlie species, but it required a considerable 
amount of work before we were able to find out what 
are the distinguishing mark.s of each species, and 
having found them out there still remains the difficul- 
ty of giving a description of the distinguishing points. 

A short account of the method by which the 
distinguishing marks of each species were found out 
may be useful to others who are working at this ',ub- 
ject. We noticed that some of the larva; had a uhite 
line running along part of the back, and these were 
picked out and kept in a separate glass. They were 
called silver backs. As the mosquitoes hatched <xit 
they were killed and examined, and from this glass we 
found mostly Fuliginosus and Jamesii, though occa- 
sionally a Rossii would be found among them. After- 
wards we noticed that the silver streak on the Rossii 
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was not so distinct as it is in the Fuliginosus, and that 
it is not always present. Then we separated out thost 
with a black band across the hack, but from these, 
which we called “ black backs,” tAvo or three species 
hatched out, so this mark was of little use for purposes 
of distinction. Some showed a yelloAv mark round the 
neck, and these most often came out Culicifaeies, but 
this did not give a distinctive mark, and we had to’ 
search for some other marks. By working on in thi.s 
wav we were able tinally to hnd the marks by which 
one species could be fairly well distinguished from 
another, and these marks are given below. 

Markings ok Larv/W. 

(1) Culivifaoies — Small, two whitish or yellow- 
ish rings, fine round the neck and one on the hfth 
segment. The men who soi’ted them called them 

Id 

Double rings. 

(2) Fuliginosus. — Size about the same as Culiei- 
faeies, Janiesii and Listoni. It can generally be 
distinguished by a silver streak running down the 
back to the fifth segment. ' 

(3) Jamesii. — Like Fuliginosus, but no white 
line along the back. 

(4) Stephensi. — Light brown body and dark 
head (cobra head). Same size as Rossii and liable to 
be mistaken for it. 

(5) Rossii. — Light brown body and dark head 
( dark cobra heads ) : thorax large : sometimes a white 
line is seen on the back running to the fourth segment, 
but the line is only seen in a bright light. 

(6) Listoni. — Very thin body, dark line along 
the back 
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(7) Barinrosf r)s — The larva: va>i]v <ii>- 

tiiigulshed bv the white marks on tlje i*aek fse* 
photo). The colour varies eousiderabl y. xauetime^ 
being dark brown, sometimes lioiit bi’uwn, '-ometiim*- 
reddish. They very often assume a bent pn-.itioii, 
and especially if you touch the vessel in whidi they 
are. 

(8) Turk/iudi, — A stout larva : it uecasionaily He- 
horizontally under tlie surface, but usually it lies wltij 
its head a little way under the surface sec photo). 
Other anopheles if put in a glass, arrange theiiiselvo 
around the side of the glass like well-drilled suldieis. 
The Turkhudi never get into a regular line, hut lie 
irregularly here and there i see photo) The Turkhudi 
has no palmate hairs on the first three segment^. 

{ 9 ) Kifferrimm — A large larva with a big head 

(10) TlienhaJdi — Size ^ame as daniesii and 
Fuliginosus : silver back with a white ring behind the 
thora.K 


Breeding Places of Anophelf^. 

If one species carries Mahuia better than aiKUher 
species it becomes a matter of practical imp<»rtunce 
find out the nature of the breeding places of the 
different kinds of larva*. 

For the past five months (November to April) 
we have had a small party of men collecting anophelo 
larva* daily, and they know now very well in what 
sort of place to find particular kinds of larva. Some 
of the larva have not much choice as to their breed- 
ing place, but others are evidently very particular 
and are only found in special places. The Culicitacio 
and tlie Kossii are easily pleased and will breed in 
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(7) B(iThiTo,^tri ^ — The laro*est larva: easily dis- 
tinguished by the white marks eii the back (see 
photo). The colour varie.s considerably, sometimes 
being dark brown, sometinie.s light brown, sometime.^ 
reddish. They very often assume a bent position, 
and especially if you touch the vessel in which they 
are. 

(8) Tui'kh'iuli . — A stout larva : it occasionally lies 
horizontally under the surface, but usually it lies witli 
its head a little way under the surface ; see photo). 
Otlier anopheles if put in a glass, arrange themselves 
around the side of the glass like well-drilled soldiers. 
The Turkhudi never get into a regular line, but lie 
irregularly here and there ( see photo) The Turkhudi 
has no palmate hairs on the first three segments. 

(9 j Nigerrimus — A large larva with a big head. 

(10) T/ieobcddi —iiize same as Jamesii and 
Fulisfinosus ; silver back with a white ring behind the 
thorax 


BaEEmNG Pl.a.ces of Anopheles. 

If one species carries Malaria better than another 
species it becomes a matter of practical importance to 
find out the nature of the breeding places of the 
different kinds of larvm. 

For the past five months (November to April) 
we have had a small party of men collecting anopheles 
larva' daily, and they know now very well in what 
sort of place to find particular kinds of larva;. Some 
of the larvye have not much choice as to their breed- 
ing place, but others are evidently very particular 
and are only found in special places. The Culicifacies 
and the Rossii are ea.sily pleased and will breed in 
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almost any kind ot‘ water. The Culieifacies shows a 
little more choice than the Rossii, but the latter will 
sometimes be found in foul smelling and dirty water. 
The Jamesii is fond of very clear water, and the Listoni 
appears to be the most particular- of all in this respect, 
for it chooses water which is a near approach to 
spring water. The Stephensi also prefei-s very clear 
water. 

The surroundings apparently also have some 
influence. For instance, the Barbirostris larvae have 
been fomrd only in one place, that is in a streani which 
runs through the Maharaj Bagh, wliere there are many 
trees (rverhangiug the sti-eam and many decaying 
leaves in the bed of the stream. The Fuliginosus 
was found in some small sti-eains a few moirths ago, 
but now (in April) they are only to be found in a 
lai-ge tank (Tellinkerry) in whicli the water is fairly 
clear The Turkhudi is found only iir pools by the 
side of streams, he., it seems to object to T-uiming 
water. 

Anopheles will breed also in the pots, tins, or 
tubs near the bungalow. A favourite place is the 
small tank in which the water from the bath-room 
colleots. In the tank in which the watei- from the 
cook-house collects culex are often found in abundance, 
but anopheles as a rule avoid such water as it is 
frequently foul smelling. 

We often find a pool of a few yards diameter in 
which there are no larvae in the main body of the 
water, but in cattle tracks at the side of the pool, 
anopheles larvse may be abundant. It is well to 
remember this when killing larvae by putting kerosine 
oil on the pools. 
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A FiLAKIA FOUND IN SOME AnOPHBLES LaRV^E. 

While examining larvae Ko Tha Aung noticed 
that some of them looked rather fat and sluggish. 
He could see nothing to account for this when 
examining them in the ordinary way under the micro- 
scope, so he turned them upside down and examined 
them through the under surface. The larva was put 
on a slide in a drop of water and the slide was put 
on the stage of the microscope with the water and 
hxrva on the undei* surface. .A, hlaria w^as then at 
once seen. It appeared to occupy the whole cavity 
of the body. 

To demonstrate this hlaria more clearly a small 
opening is made in the body of the larva with dissect- 
ing needles, and if the larva is placed in a w-eak solu- 
tion of methylene blue the hlaria w^ill stain a pretty 
blue colour and at the same time die. We have been 
able to mount a number of specimens showing the 
larva partly inside and partly outside the body of the 

larva. (See Plate II, Fig. 15.) 

What is the fate of the larva which is thus intect- 
od .u.d becomes of the filaria? A number of 

U,e b.lbctod larv.» were kept in a bottle for some days. 
All the iiifeetedlarvmdied ; while m the bottom of the 
bottle the filarhe could be seen in bunches with the 


ThJsc fflariaave nearly half an inch in length, or 
Hhout one-thlnl the size of the hlaria which one hnds 

in tlio of tlio liorsG. -r ^ 

Di Lingard, of the Muktesar Laboratoy. who 

lias .riven a good deal of attention fo the study of 
flaria saw these when reoeiitly visiting tins Laboratory 
and thought that they had not been already desoribed. 

U, MP 
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Nymph.®. 

We have not tried to distinguish the different 
species while in the nymphse stage, but in some 
species the characteristic markings of the larvae, which 
are seen on the back of the thorax, can be seen in the 
nymphae. For instance, the Barbirostris nympha is 
easily distinguished from others by its size and the 
markings on the back. It is very interesting to 
watch the transformation of the larva into the nympha. 
There is what looks like a crack in the skin behind 
the head : the larva gives a few kicks ” and breaks 
away from the shell which encloses the body. The 
frontal hairs, the thorax hairs, and the palmate hairs, 
are all cast off with the skin. The most curious 
alteration, however, is the change in the breathing 
arrangement. The larva breathes through two tubes 
irhich end on the upper surface of the back and 
near the tail. 



Fig. 22.~~Bebathing Tube. 

I 

On the back of the head of the nympha there are 
two long projecting ear-like processes reminding one 
of what is called in Botany a “spathe,” and the 
nymph® breathe through these processes. 
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The anterior part of the body is coiled up into a 
sort of ball, and the tail end projects out from behind 
.and below. The nynipha moves by a series of jerks of 
the tail, but they stay moi-e at the surface than the 
larvpe, and they do not go down to the bottom to feed 
as the lai’vai do. They may go down to the bottom 
•of the g’lass for a short time if they are distui-bed. 



CAHPTER XIII. 

MOSQUITO ANATOMY. 

Before attempting to classify the anopheles it 
is necessary to know a few details in regard to the 
external anatomy. We shall only refer to those parts 
which are looked at for the purposes of classification, 
and a reference to the accompanying- illustrations will 
show the names applied to the principal parts of the 
mosquito. But to correct erroneous impressions that 
may be conveyed by these diagrammatic illustrations, 
those who have the opport-anity should examine a 
real mosquito at the same time. 

The classification whicli follows in the next 
chapter is based on the markings which are seen on 
the female. The bushy antennse of the male enable us 
at once to distinguish him from the other sex. 



In the wing there are seven veins. The first 
counting from above is called the subcostal, and the 
others are numbered from above down, first longitu- 
dinal, second longitudinal, &e. N ote that the second, 
fourth and fifth bifurcate. The third is for our purpose 




the most important, lii the Listoni it is light iu 
e( il( )ur, while in the Culieifacies it is dark. 

The hind leg is composed of coxa, trochanter 
(not shown in the diagram), femui', tibia, five segments, 
and a claw at the end of the fifth segment. 

The prob<JScis is an elaborate structure with 
stylet and sheatlr (not sliown in the diagram ). On 
either side are the palpi, which generally lie close to 
tire proboscis, but which are separated in the diagram 
from it. The antennge lie outside the palpi. 



CHAPTEK XIV. 

OLASSIPIOATION OP ANOPHELES. 

We found it a very difficult or impossible task to 
name any anopheles as long as we took the wing 
markings as a guide. Captain Glen Liston, i.m.s., then 
showed us his method of classification, and we found 
that what had been a very difficult subject before 
was at once converted into a very simj)le one. 

This classification is based on the markings of the 
palpi, and the anopheles are divided into three groups 
according to the appearance of the palpi ; A. Unband- 
ed ; B. with four bands ; C. with three bands on the 
palpi- 

Some of these divisions are again divided accord- 
ing as the ends of the palpi are white or black. The 
majority fall into the group with three bands on the 
palpi and white tips. 

Then we examine the legs, and we find that those 
with three bauds and white tips can be divided into 
three sub-groups : — I — Legs unbanded ; II — Tips of 
hind legs white ; III — Tarsi banded. 

Then it may be necessary to look at the wings, 
and what is called the third longitudinal vein is the 
main point to which attention may be given in the 
wing. This is black in the Culicifaeies and white in 
the Listoni. 

So by looking at the ( J ) bands on the proboscis, 
(2) the tip of the proboscis, (3) the markings on the 
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legs, and (4) the third longitudmal vein in the wing, 
we are able with the classification in front of us to 
identify any of the more common species in a few 
minutes. 

The classification given below is a slight modi- 
fication of that which was drawn up by Captains Lis- 
ton and James. For simplicity a number of the less 
common anopheles have been omitted. For their 
classification in detail, see Transactions of Malaria 
Conference). 


A 

B 


Palpi ; unbanded. | ^ bmdesa} i 

^ (II Barbirost 

Palpi: 4 banded. Pidcheni 
[li JNigeiTinii 


tarsi unbaiKied. 

tarsi banded. 

lip of hind legs white. 

,, „ lilaelv, 


{ I Turkhuiii : tip« of palpi blnek. 

II A kirge luiniber luive tips of [){il]>i 
white. 


The 3 banded withwMte tips are as follows : — 

(1) Legs nnbanded : 

1. Culicifacies : third longitudinal black. 

2. Listonii : „ ,, white. 

3. Fluviatilis : half ,, 

(2) Tips of hind legs white : 

(1) Theobaldi : 2 ^ hind segments white : tibite aud 

fibulae speckled. 

( 2 ) Fuliginosus : (fal.9e Jamesii) 3J: hind segments 

white : palpi Jiave one broad on 2 narrow band.s. 

(3) True Jamesii : 3 hind segments white: palpi 

have two broad on one narrow band. 

(S) Tarsal joints banded : 

(1) Rossii : large white band on two ,51111011 bands : 

tibiae and fibulas uiispeckled. 

(2) Stephensii (speckled Rossii) : 2 broad band.s on 

1 narrow band : tibise and fibulai speckled. 







PlEADS OF ANOPHELES. 


The first oi‘ these is a photograph of a drawing made with 
the aid of the Camera Lucida. The others are microphotographs. 
The palpi have been slightly separated from the proboscis in some 
of the heads. 

Fig. It)—Head of A. Barbirostris ; very large, hairy and 
all black. 

(The next three heads, Figs. 17, 18 and 19, show one broad 
terminal band on two narrow bands.) 

Fig. 17 — A. Oalicifacies : small and not hairy or only*, 
slightly hairy. 

Yig. 18— A. Rossii and Fig. 19 A. Fuliginosus : hairy, the 
former tends to gray and the latter tends to black in colour. 

(Photographs to show the two broad terminal bands on one 
narrow band.) 

]fig, 20 — A. Stephens! and Fig. 21 — A. Theobaldi : in 
addition to the three regular bands, there is some speckling, at 
(Ufierent. levels on the two palpi, almost forming a fourth band. 



I'LATE JV. 

FULLY DLVKLOPED MOSQUITOES. 

<1(>MrARlS(>N OK I SKKKIES. 


Fiff. 





UOMKAHIKON OK OOI-KA ANI> ANOKHKLKS. 

Fig. 23. Culcx. Fi«’- AnopheloH. 







ANOPHELES. 


This i)liot,o^n’aph shows some Barbirostris, Rossii, Oulicifacies 
and Stephens]. It shows the position taken up by Anopheles 
when sitting on the wall. The Barbirostris sits more nearly at a 
right angle than the others. The Barbirostris is a very large 
mosquito, but luckily it is very seldom found in the house. 
When hanging from the roof the Barbirostris takes up a position 
which is very nearly vertical. (See the one at the right-hand 
upper corner of Fig. 22 (a).) 

Fig. 23— Shows a number of Oulex. It shows the position 
taken up by them when sitting on the wall. The Oulex sits parallel 
with the wall (see the one at the right lower corner of the upper 
cell, and the other one at the left lower corne^* of the lower cell). 

Fig. 24 — (Shows a number of Anopheles, when sitting, they 
take up the position almost vertical or at an angle of 40 to 50 
degrees. 
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The three -grain dose.s were not sufficient to stop 
the fever. 

C'rt.s'e III. — After 20 paroxysms, four grains were 
giv<ni on the 7th June. On the 9th and 11th the dose 
wa.s repeated : fever stopped, and the parasites were 
reduced to about one in each examination. 

f/n.sr IV . — But six weeks later the fever again 
returned. Three grains were given before an expect- 
ed attack. The paroxysm came on. On the three 
following days h, 4, and 5 grains were given. The 
fever stopped and parasites gradually disappeared. 

Remarks . — One grain has very little effect. Three 
grains are not sufficient. Four grains daily may stop 
the fever, but larger doses are probably required to 
stop it with certainty. 

In Benign Teetian. 

The charts may be divided into three sub-groups, 
viz., ten in which the Methylene Blue seemed to have a 
marked effect, three in which the effect was not sO' 
marked, and two in which the action of the Methy- 
lene Blue was still less decided. 

Taking the first ten we find the results as 
follows : — 
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(3) Fever 

4 

0 

0 

0 

0 

0 

0 

Parasite 

12 

6 


0 

0 

0 

0 

M. Blue 

' 0 

0 

(i 

6 

6 


0 

W F 

2 

3 

5 

0 

1 

0 

0 

P. 

3 

4 

5 

5 

0 

0 

0 

M. B. ... 

0 

0 

0 

6 

9 

6 

0 

(5) F 

3 

0 

5 

0 

0 

0 

0 

P. . . 

1 

o 
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The dose in the -first nine cases was six srrains 
daily. In the tenth ease it was nine grains daily. 

In the next three eases fever eame for a day or 
two after the Methylene Blue had been given. 
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In the next two tlie effect of the Methylene Blue 
WHS not at all marked. In ciise 15, however, the 12 
grains daily seemed to have a good effect. 


(^11) 

4 

5 

7 


5 1 

6 

0 

0 

0 

0 

l*iira.site 

0 

88 

108 

184 

188 ' 

74 

12 

1 

0 

0 

M. Blue 

0 

0 

0 

9 

0 

0 

6 

6 

6 

8 


(I.V) ... 40505060205050502000 

l'iira,.sito ... n -J 1‘2 7 •->() 20 C 5 2 1 .T 3 10 17 li 12 2 1 0 0 
M. Itluc ... 0 0 0 0 0 0 (> 0 6 (•) 6 0 0 6 0 12 12 12 12 12 

The inference that may he drawn from these ex- 
[•criimmts is tlmt Methylene Blue has undoubtedly an 
cfleih. on i^cnign Tertian, but that in some cases a 
daily dose of 12 grains is reciuired. 

In Maluinant Tkrtian. 


The Methylene Blue was given in two cases : 
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The number of experiments in Malignant Tertian 
was not sufficient to justify us in coming to a very 
■definite conclusion in regard to the value of Methylene 
Blue in this fever, but the effect on these two cases 
appears to have been good. Possibly the doses were 
not large enough. 

The administration of Methylene Blue was beo-un 
with caution, because we have read that it sometimes 
causes irritation of the kidneys None of the patients 
to wffioin we gave the Methylene Blue suffered any 
inconvenience from it. It always turns the urine a deep 
blue colour, and it is advisable to warn patients about 
this beforehand. 

The Methylene Blue which we used in the experi- 
ments was Methylene Blue, B. extra, and was obtained 
from Ostermeyer & Co., Bombay. If one-tenth of the 
cases of Malarial fevers in India were treated wntb 
quinine in proper doses, it is very probable that the 
available supply of quinine would be very soon 
exhausted. Methylene Blue, therefore, promises to 
be a very valuable drug. 



CHAPTER XVI. 


FURTHER OBSERVATIONS IN THE MALIGNANT 
TERTIAN FEVERS. 

In a paper read at the Malaria Conference, and 
which is printed in the transactions of the Malaria 
Conference, a number of eases of Malignant Tertian 
were given in detail. These cases were not treated 
with quinine, and we were able to see fairly well what 
is the natural history of a ease of Malignant Tertian 
Fever. 

One case will be given here in order to illustrate 
method of keeping the records. On the top line is the 
day of fever : On the second line is the number of 
<logrees of fever — decimals being omitted, and the 
nearest whole numbers being taken. Then the numbers 
<)i‘ Rings, Crescents and Spheres are shown, and below 
is an abstract showing the total numbers of each kind 
(}f parasite in the Primary fever period, in the Crescent 
forming interval, and in the Secondary fever period. 

The main conclusions were summedup as follows: — 

(1) There is a Primary fever when Ring fonns 
are found in the peripheral blood. 

(2) There is apyretic interval, when Crescents 
with bellies are found and these do not turn into the 
Spherical forms. 

(3) There is a Secondary fever and the parasites 
found in the blood during this part of the fever are 
very different from those which are found in the 
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Primary fever. In the Primary fever we find the 
asexual parasites, whereas in the Secondary fever the 
sexual parasites (gametes) chiefly are seen. 

(4) Crescents begin to appear about the eighth or 
ninth day. 

(5) The newly-formed Crescents do not readily 
become'converted into spheres. 

(^6) There is a period of maximum number of 
Crescents. This occurs from the twelfth to the 
fifteenth day. 

(7) Towards the end of the Secondary fever 
period (or gamete period) the Crescents diminish 
considerably in numbers. 

(8) The spheres appear a few days after the 
Crescents and generally about the eleventh day. 

(9) The ■ number of spheres is at first small, but 
afterwards increases. 

(10) There is a period of maximum number of 
spheres, and this occurs near about the sixteenth day. 

(11) The period of maximum number of spheres 
follows the period of maximum number of Crescents. 

(12) After the period of maximum number of - 
spheres the spheres diminish in numbers, and at the 
emd of the Secondary fever (gamete period or flagellar 
])oi’iod) only comparatively few are found. 

(13) The period of maximum number of spheres 
c< )i ncides in a remarkable way with the Secondary fever. 

(14) Ring forms are not usually found in the 
blood in the Secondary fever period. (There are, how- 
ever, some exceptions to this rule.) 

(15) There is no doubt that the withdrawal of 
the blood from the body hastens or brings about ex- 
iiagellation. 


13 
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(16) Phagocytes will never attack Crescents as 
such in vitro. 

(17) The Crescents -(gametes) are in some way 
destroyed inside the body. 

( 18 ) The absence of Ring forms in so many cases 
in the Secondary fever, the close relation between 
the period of maximum number of spheres and the 
Secondary fever, and the fact that Crescents and 
spheres are reduced in numbers after the Secondary 
fever, tend to show that the Secondary fever is pro- 
bably in some way related to the breaking up of the 
Crescents inside the body. 

(19) The actual nature of the process of break- 
ing up is not definitely known. 

Terminology. 

The term gamete is applied to the sexual foimis 
of the parasite. In tlie Malignant Tertian the gamete 
is at first crescentic in shape and is often spoken of as 
a Crescent. When the Crescent is converted into the 
spherical form it becomes what is called the spherical 
gamete, or sphere. The term flagella bodies which 
we formerly applied to these is objectionable, because 
only the males give out flagella. 

The Malignant Tertian fever is a very remarkable 
disease. There is probably no other febrile disease in 
which part of the fever is caused by asexual parasites, 
and Another part by sexual parasites. 

A discussion followed this paper in which several 
members of the Conference took part. A brief extract 
from the Proceedings of the Conference is given 
below : — 

Dr. ChriUophers remarked that Major Buchanan’s charts 
and parasite counts had shown the course of a M alignant Tertian 
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infection to be a definite one. He was extremely interested to note 
Major Buchanan’s observation that a secondary rise of tempera- 
ture almost invariably takes place some dftys after the deferves- 
cence of the fever; also that Crescents for three or four days 
after their first appearance do not change into spherical bodies or 
ilagellates, but do so after this period. The period during which 
large numbers of spherical bodies are present was also very strik- 
ing. What the nature of the secondary rise of temperature may 
•be did not seem very certain. 

Captain Glen Liston, said: — 

I think that apart from theories Major Buchanan’s work is 
of great importance. He has shown that for a time Ring forms 
alone are found in the blood of Malignant Tertian fevers, that 
about the 9 th day young Crescents are found, that later the mature 
gamete is abundant, and that at this time fever generally occurs. 
Still later the gametes disappear, and the fever also comes to an 
end. 

He plainly shows that the Secondary fever is due to the 
presence o£ mature gametes. This is all the more important when it 
•is considered that some writers had expressed the opinion that 
gimotes do not play any part in the production of relapses.” 

Pomell, said: — 

‘‘To Mijor Buchanan was due the credit of determining 
ihe period of maxiinuin sexual activity. He thought it was the 
rule rather than the exception to find Rings duidng the Secondary 
fever.” 

Kotb,— W e have found some cases in which Ring forms are 
found daring the Secondary fever, but possibly there may have 
dx'en a double infection in those cases. 
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THE SEX OF CRESCENTS. 


The chief distinguishing mark between the male 
and female Crescent lies in the arrangement of the 
pigment. In the male, the pigment is more scattered 
throughout the body of the Cre.scent, 


and in the female the pigment is collected together 
into the central part, sometimes into a little clump 
without any vacant post in the centre, 



and sometimes with a central space free from pigunent. 


The pigment in the males is perhaps a little coai^ser. 

When the Crescents are converted into the round 
forms (spherical gametes) it is much easier to tell the 
male from the female. In the male before the flagella 

o 



SKX OF CllBSCENTS. 


197 


have been extruded the pigment is scattered about all 
•over the sphere wliile in the female we find an inner 



■circle ai\(l outer circle, and the pigment is chiefly 
.arranged at the circumference of the inner circle. 



Two or three dark granules are seen in the space 
between the inner and outer circles, and these are 
generally dancing about. 

Fema.lk Spherical Gamete. 

We have recently given a good deal of attention 
to the female spherical gamete, and she has been the 
source of a considerable amount of discussion, and 
also some differences of opinion. 

We had noticed in some Malignant Tertian cases, 
about the third week or later, a curious form of 
jiarasito which seemed to have a number of what 
looked like spores in.side it. 



and although in a picture it may look like a Rosette 
still the real parasite looks very different. The 
arrangement of the ])igment led us to suspect that it 
was a female spherical gamete. For some weeks we 
wondered what this could be and asked many of those 



CHAPTER XVIII. 

OBSERVATIONS IN NIMAR. 

In June, July, August and September 1902, we 
had an opportunity of making some observations in 
Nimar, a District in the North of the Central Pro- 
vinces. The Head-Quarters station, which is at 
Kliandwa, has a reputation for comparative freedom 
from Malaria fevers, while there are some parts of the 
District which are notorious for their unhealthiness. 

In June it was only after searching for several 
days that we were able to find any anopheles in 
Khandwa. The rains began towards the end of June, 
and then the anopheles began to be abundant. The 
Rossii are the most prevalent, but Culicifacies arc 
also found. Chandni, a small station on the G. I. P. 
Railway, is notorious for its Malaria fevers, and it 
has been customary to supply drinking water for the 
Railway staff from one of the adjacent stations. There 
is a small stream about a hundred yards from the 
station, in which we found many anopheles larvte in 
August. About six miles from Chandni is the famous 
old i'ortross of Asirgarh, and in the fever season few 
(»!' the inhabitants of the little village which lies at the 
l)asu of the hill on which the fortress is built escape 
fever. Here thousands of anopheles larvae were found 
in August. Many of these were Culicifacies, but there 
were a great many of a iiew species which we had not 
hitherto seen. On the proboscis there are three bands. 
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but unlike any that we had already seen the terminal 
band is broad, the middle one of medium size, and the 
basal one is narrow. It is a small rather dark mosquito, 
tarsal joints banded. Third longitudinal mostly 
white, legs not speckled. We hav^e not yet had an 
opportunity of enquiring how far this new species is a 
carrier of Malaria, but the finding of this species in a 
notoriously znalarious place tends to throw suspicion 
on it as a carrier of Malaria. 

Quartan fever . — The long duration of Quartan 
was well illustrated in the case of a woman who had, 
with the exception of occasional intervals, been suffer- 
ing from Quartan fever for eight years. Particular 
enquiries were made from her friends in regard to the 
duration of the fever, and there seemed to be good 
reason to believe in her statement. Twenty grains 
of quinine was given and the fever was stopped. This 
is the only case of Quartan that we have seen in Nimar. 

Benign Tertian . — In June three cases of Benign 
Tertian were found. In July seven cases were found, 
and in August they are becoming more numerous 
Malignant Tertian. Up to date ( middle of August) 
only five cases of Malignant Tertian have been seen. 
These ob.servations tend to confirm what had been 
found in Nagpur, viz., that the Benign Tertian is an 
Autumn fever and that it prevails before the Malig- 
nant Tertian. 

Enlarged Spleen . — A good many cases of enlarg- 
ed spleen have been found. Although no accurate 
statistics have been prepared on this point, we are 
inclined to think very marked enlargement of the spleen 
is more often associated with Benign Tertian parasites. 
Every one is familiar with the old established treatment 
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of enlarged spleen. We asked a Hospital Assistant 
if he believed in its efficacy, and he expressed some 
■doubt on the matter. He had a number of eases that he 
was treating, and they were deriving very little benefit 
from the treatment. He, however, was carrying out 
the treatment in only a nominal and half-hearted man- 
.ner ; the iodide of mercury was applied in small quanti- 
ties and occasional small doses of the sulphates 
mixture was given. Ten eases were picked out and 
ti’eated thoroughly, with the result that the spleens 
wei'e reduced very considerably in a few weeks. 

The first essential in treatment is to kill any para- 
.sites that are present in the blood with Quinine. The 
iodide should be rubbed in, preferably in the sun, over a 
large area, and in sufficient quantity to blister the skin. 
Tlie mixture containing Ferri Sulph., Quinine Sulpb., 
Sulphuric Acid and Magnes. Sulph. should be given 
in sufficient quantity to make the bowels move three 
times a day. 


Campaign against Anopheles. 

We are at present engaged in carrying out a cam- 
paign against mosquitoes in two of the principal towns 
■of Niniar — Khandwa, 18,000 population, and Burhan- 
pur 30,000. Owing to defects in the drainage systems 
in these two phiees complete success can scarcely be 
■expected at once, but there is no doubt that the num- 
■bers of anopheles will be enormously diminished, 
and it is hoped that the number of cases of Malaria 
fever will be proportionately diminished. 

A word about Ko Tha Aung before concluding. 
He was released from prison by Government of India 
<on the recommendation made by the member of the 
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Malaria Conference He has come to Nimar, and has 
been keenly studying the mosquitoes and parasites 
that are found here. He haseontinued to study the 
subject with the same interest as before. A large 
number of the observations which have been record- 
ed here are the result of his persistent research. 
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Black lYATiflu Fevee. 

I HAVE never seen a case of Black Water Fever, and my' 
reasons for inserting* a note on the subject here are the 
following 

About ten years a^^o a brother of mine fa medical man) who 
was on the AVost Coast of Africa (Old Calabar) frequently 
wrote to me aboxit this disease. It was the principal disease 
of tlie We.^t Coast and was frequently fatal. Kecently Doctors 
McCntcbeon, Newell and Butler have sent me notes of cases 
that have occurred in Assam. Dr. BlcCutcbeon has sent notes 
of eleven cases. Dr. Newell has sent notes of the case of the 
R(^vd. Mr. McM., and Dr. Newell has given an account of the 
disease as o))served in his own case. 

All the cases have been very fully and very carefully 
taken, and I regret that only a very brief note on these cases 
can bo given here. The disease resembles Malaria in some 
respects. In both there is a chill or rigor : rise of temperature : 
fn'c ])ors|)iration : vomiting and enlarged spleen, but in B. W. 
Fev(‘r the rigor and vomiting are more severe : the urine 
becomes black or dark reddish brown on or about the second 
day. Jaundice follows on the third or fourth clay : the urine 
may clear soon, but black urine may come and go for several 
<hiys. 

There arc somc^ points which have not been definitely 
settlcMl, Home say it is malarial, and that it occurs in patients 
wlio have had several attacks of malarial fever, hut there is 
no proof that the presence of malaria parasites is more than 
accidental, ar.d there is no proof that the disease is due to a 
special parasite. 
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Some hold that the hsemoglobinuria is due to a large dose 
of quinine. The black water usually comes on the second da}^ 
and patients on getting an attack of fever take quinine, so that 
a dose of quinine will often have been taken before the black 
water appears ; but Dr. McCutcheon’s cases show clearl}^ that 
quinine is not the cause, and Dr. Newell states distinctly that 
he had not taken a large dose of quinine before the black 
urine appeared. 

Some think that the disease has been recently introduced 
into the Duars, but others say it has been occurring there for 
many years but has been generally called “ Jaundice.'’ 

Severe headache : intractable vomiting : great prostration : 
slow recovery : and abdominal tenderness seem to be leadinor 

• o 

symptoms. The disease is one which requires to be carefully 
studied. 
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Malaeia in Cyprus. 

Dr. GiiOiiGE WILLIAM^SON, of the Colonial Medical Service, 
gives an account of the Malarial Fevers in Cyprus in the 
British Medical Joimial of 27tli October, 1902. In a year’s 
observations he found the percentage of the different varieties 
as follows (decimals omitted) : Benign Tertian, 48 ; Quartan, 
8 ; Malignant Tertian, 43 ; and the season of occurrence 
was as follows : — 

1901: Fehruaiy, 11; March,!); April, 5; May, 6; 
June, 9 ; July, 101 ; August, 87 ; September, 94 ; October, 60 ; 
November, 24 ; December, 32 ; and January, 32, 1902, 

The maximum occurs in Julj^* The rainfall in May was 
4*52 inches, and in December it^was little over half an inch ; 
in the other months it was fess than an inch. 

Dr. Williamson gives charts to show the seasonal pre- 
valence of each kind of fever. The Benign Tertian begins in 
June: attains its maximum in July and falls to zero after 
October. The Malignant Tertian begins in June : maximum 
in Soptcmher. The number of Quartan oases is very small. 
Those observations tally in a reraarakable way with the Nagpur 
observations, if we allow for the earlier rainfall in Cyprus. 


Malaria in Assam. 

Dr. Bentley has sent me a note of his ohservatioiis in 
Borjulee, Tezpur, Assam. In 300 cases in which he found 
parasitOvS there were Quartan 46 ; Benign Tertian 134 ; 
Malignant Tertian 74 ; Uings only 46 (in these last it was 
impossible to decide with certainty). All the children between 
one and three have parasites : those under one year seem to 
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"be free at tlie time of the year when he wrote (February). 
In one garden the percentage of children infected was JOO 
and afterwards 92. The lowest percentage in any garden 
in that District was 40 per cent. He has not found parasites 
in recent cases of Kala-Azar. He has only found malarial 
parasites nine times in the blood of 159 cases of Kala-Azar 
that he has examined in the past three months. Quinine 
cleared away the parasites without affecting the Kala-Azar. 
These facts, says Dr. Bentley, entirely preclude the malarial 
origin of Kala-Azar. I have quoted very briefly from 
Dr. Bentley’s letters, but I hope he will not hide his valuable 
work under a bushel. 
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